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HE Reader will meet in 
he Title-Page with an ac- 
count of the Occaſion that 

gl gave birth to the following 
Treatiſe. Thus much far- 
ther it may not be amiſs to take notice, 
that as it was written to be.deliver*d by 
word of mouth only, the Writer thought 
it beſt to put what he had to ſay into a 
continued Diſcourſe, and not in the Form 
uſed by Mathematicians; making it his 
Endeavour to find a way of Expreſſion 
as familiar and approaching to common 
Speech as he could conventently ; aiming 
throughout at Perſpicuity rather thau 
Conciſeneſs. This proving not unaccep- 
table to ſome Hearers, it was imagined 
that it might chance to fall in with the 
Taſte of other Perſons. 

It may not be unfit to ſay a few Words 
here concernin L the Manner, in which 
bb * is diſpoſed. And firſt it 
S's - begins 


* 
a 


begins with the Laws of Motion. Not 
that this previous Step is abſolutely ner 
ceſſary, it being eafy to have ſhewn the 
Properties of the Mechanical Powers 
without it. But the Importance of thoſe 
Principles bein g ſo great, and the Under- 
fanding of them being a convenient, tho 
not a neceſſary Introduction to the re- 
maining Part, I am perſuaded the Rea- 
der will not be diſpleaſed to meet them 
there. Their extenſive Uſe, as being the 
Foundation of all Natural Philoſophy, 
inclined me to treat of them more diffuſe- 
Iy than has hitherto been done; partly for 
an Introduction to higher Speculations, 
and partly becauſe it has been my fortune 
to meet ſometimes with ingenious Per- 
ſons, but not converſant in theſe Matters, 
who have not ſo readily underſtood and 
aſſented to ſome things relating to them, 
as one would have expetted. 
From thoſe Principles the Properties 
of the Mechanical Powers are demonſtra- 
ted; m the doing of which, Mathemati- 
cal Terms have been avoided as mich as 
could be done conveniently; and, where 
they 
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they were neceſſary, are explained. 
There is added at the End, a Diſcourſe 
concerning the Sail ; which, tho* not 
uſually reckoned with the other Powers, 
is of too univerſal Uſe to be omitted. 
There as alſo ſubjoined an Appendix, in 
which ſome Propoſitions, which were 
unavoidably expreſi*d in Geometrical 
Terms, are exemplified in Numbers; 
which will be of ſervice to the ungeome- 
trical Reader, by explaining the Mean- 
ing and Oſe of the Propoſitions, while he 
takes the Proofs upon Truſt. 

Beſides thoſe for whom this MW. 50 759 
immediately intended, who having alrea- 
dy exerciſed themſelves in pure Geome- 
iry are willing to make ſome farther 
Progreſs in the Mathematical Sciences, 
J concerve it may be of ſome Service to 
the following Perſons. Firſt, to thoſe. 
Gentlemen who have gone thro* Courſes 
of Experiments; becauſe, as the Subject 


is here treated in the ſame way of Di/- 
courſe, in which the Experiments they 


ſee are explained to them, and not in a 
Mathematical Form; they may refreſh 


their 
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their Memories with ſome things they 
have forgot or remember but imper fect y. 
It may alſo be of uſe to thoſe who are 
Juſt entring upon the Study of Natural 
Philoſophy, as they will find the Laws of 
Motion, which are the Foundations of 
that Science, more largely explained than 
is commonly done; which, when thorough- 
ly apprehended, will prove a great Ad- 
vance to more difficult Speculations. 
There is another fort of Perſons, 
whom ] bad in my Eye, and would be 
very glad to benefit ; which are induſtri- 
ous and dextrous Workmen, Of theſe 
hae known ſeveral, who would be 
well pleaſed to underſtand the Nature of 
thoſe Machines which they daily uſe, but 
anderſiand no otherwiſe than by Uſe. 
Such Perſons will, I believe, be well 
contented to find the Reaſons here ex- 
plained of ſeveral things whith they do 
at preſent only, becauſe che have ſeen 
them done before. I can't but think, that 
with ſome Things they don't apprehend, 
they will find others that they may, and 
which it will be both. a Satisfaction aud 


a Con- 
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a Convenience to be informed of ; the 
Things here explained being not depen- 
dent upon one another, but proved and 
handled in different manners. 

The Way I would therefore recommend 
to ſuch Readers, ſhould be to read the 


whole through, paſſing over fuch things 
as they don't well underſiand, and mak- 


ing the beſi Advantage of what they do. 
This Method of proceeding may invite s 
ſecond Review, in which they will fend 
many things become eaſier than they ap- 
peared at the firſt Peruſal. 


After all, I ſhall be very much obliged 
to the good Nature of my Readers, if 


they find half the Conveniences T here 
Point out to them; and I ſhall be ſtill 
more obliged to them, if, for the ſake of my 
real Deſire of being ſerviceable, they 
will be ſo kind as to pardin-my many 
Errors and Defects. 
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The Laws of Mo T1o0N. 


== SHA. begin with an Ac- 
count ofthe Science of Me- 
chanics in genera], the Sub- 
jeCt of it, and the Principles 
| upon which it builds its Con- 
cluſions. Afterwards I ſhall deſcribe the 
ſeveral mechanical Powew in Order; 
: B and 


perties, deduced from thoſe Prineiples. 


2 Of the Mechanical Powers. 
and ſhew their ſeveral Natures and Pro- 


AL x Matter is indued with a Proper- 

ty of giving Motion to other Bodies, 
and receiving it from them. This Pro- 
perty is ſo univerſal, that upon it all the 
Operations of Nature and Contrivances 
of Art depend; and by the Wiſdom of 
HIM, who created all Things in Num- 
ber, Weight, and Meaſure, it is made 
ſubject to Geometrical Reaſoning and 
Calculation; the Application of which 
to the Conſideration of Forces and Mo- 
tion is the Buſineſs of the Science of 
Mechanics. Mechanics therefore is the 
Science, by which we diſcover the dif- 
ferent Manners in which Forces may 
be applied to Bodies, and the different 
Effects produced thereby in the Bodies, 
as to Velocity, Direction, and Quantivy 
of Motion. 


Now this Science, being Part of what 
is called the mixed Mathematics, requires 
ſome Axioms or general Principles, found 

Out 
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out by certain and indubitable Experi- 
ence, joined with ſtrict Geometrical 
Reaſoning, whereon to found its Con- 
cluſions. 


AXIOM I. 


Every Part of Matter in Motion, or 
at Reſt, continues at Motion, or at 
Reſt, till ſome external Cauſe alter it. 
Firſt, that Bodies at Reſt continue at 
Reſt, till ſome outward Cauſe diſturb 
them, is plain from Experience. A 
Stone lying upon the Ground will lie 
there continually, without moving ei- 
ther ſideways or upwards, till ſomething 
elſe ſtir it. This Obſervation being 
found true of ſuch Bodies as come un- 
der our Notice, we infer the ſame of 
thoſe Bodies we can't come at. And 
this is confirmed alſo by Reaſoning, = 
a Stone upon the Ground, if it giy 
Motion to it ſelf, muſt cauſe it (elf bs 
move in ſome given Direction. Say it 
be to the right; but tor as good a Rea- 
fon it may as well be faid to move to 
the left; but it can't move both Ways 

B 2 . 


Of the Mechanical Powers. 
at the ſame time, therefore neither. The 
Heavineſs of Bodies, or the Force with 
which they deſcend towards the Earth, 
when placed at Reſt in the Air, I take 
no Notice of; that being certainly OC= 
calioned by an outward Force, tho' the 


Cauſe be not perceivable by any of our 
Senſes. * 


Tu ſecond. Part of this Axiom, 
that Bodies in Motion will continue in 
Motion till ſome outward Force alters 
their State, is not indeed plain from 
Experience as the former is; becauſe all 
Bodies here upon Earth put into Moti- 
on will ſoon ceaſe to move, ſome for 
one Cauſe, and ſome for another, unleſs 
a new Force be impreſs'd on them. But 
to thoſe Experiments it is anſwer'd, that 
we can aſſign ſuch Cauſes, why thoſe 
Bodies ceaſe to move, as plainly ſhew, 
that this Axiom may nevertheleſs be 
true. And theſe Cauſes are the Reſiſ- 
tance of the circumambient Air, the 
Force of Gravity, and the Friction of 
Surfaces ; and that theſe Cauſes are the 


true 
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true ones appears from hence, that the 
more theſe are diminiſh'd, the longer 
the Motion continues; whence it is 
reaſonably concluded, that if they could 
be entirely removed, /it would not ceaſe 
at all. * This is made much more plain 


by 


{ 

* Upon this Law of Motion depends the Me- 
chaniſm of that ſurpriſing Exerciſe of Skating upon 
Ice, which is ſo much the Diverſion and Delight of 
the Inhabitants of the Northern Countries. Every 
Body has ſeen a Skate; and knows the Shape of it, 
and how it is faſtened to the Foot; and that it 1s 
armed at Bottom with a Ridge of poliſhed ſmooth 
Iron or Steel. Now the Ice and Steel at the Bot- 
tom of the Skate, being both ſuch mighty ſmooth 
Bodies, it follows, that the Friction arifing from the 
paſſing of the one over the other, will be exceed- 
ingly ſmall, perhaps the leaſt that we can conceive 
to ariſe from the mutual Conta or Preſſure of any 
two Bodies that we are acquainted with. There- 
fore, if we ſuppoſe a Man ſtanding upon Ice ſup- 
ported by Skates tyed to his Feet, it will follow 
from this Law of Motion, that if he makes an Ef- 
fort to ſlide forwards, this Motion of his Body for- 
wards being once begun, muſt needs continue a ve- 
ry great while, For the three Cauſes of Retardati- 
on of Motion mentioned above, operate very little 
in this Caſe. The Force of Gravity upon an Hori- 
zontal Plane acts not at all, and therefore can cauſe 
no Retardation. The Friction of Surfaces is ex- 
tremely diminiſhed by the Smoothneſs of the con- 
tiguous Bodies, Ice and poliſh'd Steel. And the 
Reſiſtance of the Air is in it ſelf inconſiderable. 


B 3 But 
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by Reaſoning. For there ean be no 
Reaſon given, why a Body in Motion 
ſhould ſtop of it ſelf at one Place or In- 
ſtant, rather than another; any more 
than why a Body at Reſt ſhould move 
of it ſelf at one Inſtant, or in one Di- 
tection, rather than another. Let a 


But then before the Force of this firſt Effort 
is fpent, he adds that of another equal Ef. 
fort; which, being ſupetadded to what remains of 
his tirſt, oauſes him to go en with a Velocity great- 
| et than that firſt. In like manner a third Effort in- 

creaſes his Swiftneſs ſtill more; and fo a fourth and 
a fifth increafe his Speed yet farther, and ſo on. 
10 When we conſider this, we need not wonder at 
1 the prodigious Swiftneſs, with which Men are car- 
11 ried along in this Exercife ; and that it is common 
| in thoſe Countries to skate 10, 15, or even 20 
| Mites an Hour. . For this Motion upon the Ice is, 
we ſee, à continually accelerated Motion; which, 
from the Speeulation, might be even much greater 
than it is found by Experience; and it is hard to 
know where the Velocity of it would ftop, could 
the human Body bear ſuch a prodigtoufly rapid Mo- 
tion as might ariſe from the Application of thoſe 
two. little Inftraments to a Man's Feet. The Dif- 
ficulty in this Exerciſe is to keep the Center of Gra- 
vity of theit Bodies in a due Poiſe white they are 
carried on with fuch a great Swiftneſs; and the 
Skill of this is to be attained by Practice and Expe- 


Fence. . 
Body 
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Body as A be impelled along the Line 
AB CD; I fay, that all outward Reſi- 
ſtance being taken away, it will move 
for ever in that Line. For, if you fay 
it will top afiy where, aſſign the Point 
where it will do ſo, Let us for Argu- 
mentation- ſake ſuppoſe that Point to 
be C. But why at C, any mote than at 
B or at D? The Cauſes of Reſiſtance 
from without are taken away; and what 
can operate upon the Body to make it 
ſtop there, rather than at B? Or what 
can hinder it from going on fartlier to 
D? If you conſider, you will find there 
can be ho Reaſon given for its ſtopping 
at C, rather than at B; for By our 
Hypotheſis, it meets with no more 
Hindrance to its Motion between B 
and C, than it does between A #hd B. 
Therefore if you ſay it ſtops at C, tor 
the fame Reaſon you may fay it will 
ſtop at B; but itcafi't ſtop at both; there. 
fore at neither. In the ſame mannet 
we have prov'd it will not ſtop at C, 

B 4 | one 
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one may alſo prove it can't ſtop at D; 
and fo on ad infinitum. 


Havire now ſhewn, that every Bo- 


dy or Part of Matter in Motion, or at 
Reſt, remains ſo till ſome outward 
Force alters its State; the next Thing is 
to take notice what thoſe Forces are, 
which in Practice and Experience are 
made uſe of to that purpoſe; and thoſe 
are, Firſt, The Colliſion of ſome Body 
that is in Motion with one that is at 
Reſt. Secondly, The Application of the 
Strength of ſome animated Creature to 
the Body that is. to be. moved, or to 
ſomething contiguous to it. 


Now in order to limit, and deter- 
mine the Quantity of theſe Forces, that 
we may handle and conſider them ma- 
thematically, they are expreſs'd either by 


the Velocity they produce in a Body 


impell'd by them, the Weight they are 
able to ſuſtain or move, or by both com- 


pounded together. The Velocity of a a 


Boa is meaſur'd by the Quantity of 
_ Space 


. ts ad - WAR 


The Laws of Motion. 9 


pace it goes over in a given time; if 


that Quantity of Space be great, the Ve- 
locity is faid to be great; if little, the 
Velocity is ſaid to be little, 


I x we then imagine the ſame Body 
to be at one time ſo impell'd as to move 
15 Foot in a Second of Time, and at an- 
other time ſo as to move 30 Foot in a 
Second, we expreſs theſe two different 
Forces by ſaying, that it was impell'd in 
the former Caſe by a Force that 1s as 
1, and in the latter Caſe by a Force 
that is as 2. A Force 1s alſo valued 
by the Weight it is able to ſuſtain; as 
ſuppoſe upon one Arm of a Ballance there 
hangs a Weight of 20 Pounds; if a Man, 
preſſing with his Hands upon the other 
Arm, keeps the Weight barely ſuſpended, 


We fay, he applies thereto a Force of 20 


Pounds. A Force is alſo valued by the 
Rectangle, or Product of theſe two, the 
Velocity, and the Weight of a moving 
Body, drawn or multiplied into each o- 
ther, which is called the Momentum of 
that Body. If a Man throws out of his 
| | Hand 


OT 


10 Of the Mechanical Powers, 


Hand a Stone of 2 Pounds Weight, with 
a Velocity of 20 Foot in a Second of 
Time, the Force, with which at its go- 
ing out of the Hand 3 it would ſtrike any 
Body in its Way, is called the Momen- 
tum; which we fay, is as 2 X 20. If 
the fame Man ſhould afterwards throw 
a Stone of 3 Pounds, with a Velocity 
equal to 40 Foot in a Second, the Mo- 
mentum would be as 3 X 40, that is, 
120. In theſe Caſes we ſhould ſay, The 


different Forces with which thoſe Stones 


were thrown are as 40 to 120, that is, 
as 4tO 12; which is the ſame as 1 to 3. 


Tar1s being premiſed to ſhew the 
Method by which we value and expreſs 
the Quantity of Force apply*d to a Body, 
there remains another thing to be conſi- 
der'd i in a Force, and that is the Direc- 
tion of it. Now the Bffefts of Forces 


gre made very different by their various 


irections; and therefore they require a 
particular Con ſideration; the whole Doc- 
trine of Projectiles, which comprehends 
the Art of Gunnery, and the Knowledge 

of 
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of a good Part of the Phyſical Aſtrono- 
my, depending upon the Inveſtigation 
of the Paths, which Bodies will deſcribe 
in Conſequence of Forces apply*d in 


given Directions. 


I ſhewed above, that if a Body were 
impelb'd by a ſingle Force, and no Reſi- 
ſtance were made to it, it would move 


for ever in the right Line prolong'd, in 


which the Center of it at firſt mov'd. 
That Line is called the Line of Directi- 
on of its Motion, and is always given 
by Poſition, when we would argue con- 
cerning Propoſitions relating to it; that 
is, its Situation with reſpe& to ſome 
given Place muſt always be determin'd. 
A Body may be, indeed, impell'd by 
more Forces than one, and in different 
Directions at the ſame time, the Conſe- 
quences of which it is the Bulineſs of this 
Science to determine, as we ſhall here- 
after take notice. But fot the preſent 


we ſhall only obſerve; that as the Velo- 
city, with which a Body moves, is capa- 
ble of infinite Variety; ſo likewiſe is 
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the Line of Direction. A Body may be 
ſuppoſed to move 10, 100, 1000 Foot 
in a Second of Time, or, if you pleaſe, 
as many Miles; ſo the Line of Directi- 
on of its Motion may be as various as 
the Inclinations of Lines to each other 
are. As the one is capable, by the Ad- 
dition of a new Impulle, to be alter'd as 
to Quantity; ſo is the other equally lia- 
ble by the ſame Means to be alter'd as 
to its Poſition. If a Body, as A, be 
moving along the Line A BCD, with 


F 


a Velocity able to carry it from A to B 
in a Second of Time, it may, by a new 
Force apply'd to it in the ſame Directi- 
on, receive a Velocity able to carry it as 

far 


hw Yr "Wwe 
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far as from A to C in the ſame time. And 
in the like manner it may by another 
new Force, apply'd in a different Directi- 
on, as for Example, along the Line E E, 
receive an Alteration not only as to Ve- 
locity, but as to its Direction alſo; ſo 
as to make it move in a different Line 


from that along which it was at firſt im- 


pelPd. That we may, therefore, argue 
upon ſolid Grounds concerning theſe 
Mutations, I ſhall proceed now to the 
ſecond Axiom. 


AXIOM I. 


THE Increaſe or Decreaſe of Moti- 
on, produced in a Body by a new Force 
apply?d to it, is as to Quantity proportio- 
nable to the Quantity of this new Force; 
and the Change of the Motion, as to 
Direction, is made towards the Directi- 
on of this new Force. 


I s ar the Increaſe or Decreaſe of Mo- 
tion, for a new Force apply'd to a Body 
in Motion may leſſen or ſtop its Moti- 
on inſtead of increaſing it. Suppoſe a 


Body 
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Body be moving along the Line ABCD, 
with any given Velocity ſrom A to D; 


i Me - 


if a contrary, and equal Force ſhould 
meet it in any Point, as C, whoſe Line 
of Direction is from D to A, inſtead of 
increaſing its Velocity, it would entire- 
ly ſtop its Motion. As is very plain; 
tor the Body can only move either from 
A towards D, or elſe from D towards 
A ; for there being no other Force im- 
preſs'd on it, it can move no other 
Way. But it can't move towards A, 
becauſe the Force directed from A to D 
hinders it; nor from A towards D, be- 
cauſe the oppoſite and equal Force reſiſts 
it; therefore it won't move at all. And 
if we ſnould ſuppoſe this new and con- 
trary Force to be but half, or one third 
ſo great as the former, it is eaſy to 


conceive it will diminiſh its Motion or 


Velocity, tho? it will not entirely ſtop it. 
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Tr 1s Increaſe or Decreaſe of Moti- 
on is always proportionable to the Force 
that produces it; ſo that if the new 
Force conſpire with the former, having 
the ſame Direction, it will add to the 
Motion ; if it be contrary, it will di- 
miniſh it. As, if in the ſame Figure a 
Body be moving with a given Velocity 
along the Line A B CD), if a new Force 
be applicd to it in the Point C, having 
the fame Direction, and double to the 
former, it will ſuperadd a double Velo- 
city to that with which it moved before. 
The new acquir'd Velocity will then be 
to the former, as 1 to I-þ2, that is, as 
I to 3; there being a Velocity, which is 
as 2, added to the former, which is as 1. 


Bu r if this new Force, which is as 
2, Were to move in a contrary Direction 


with a Velocity that is as 1, it would 
then add to it a negative Velocity as I 
may call it =2; that is, it would repel 
it with a Force =2. Its former Velo- 
city 
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city would then be to its latter as I to 
1—2, that is, as 1 to—1; that is, it 
would move back from C to A with a 
Velocity equal to that with which it 
mov'd before from A to C. The Rule 
then to know the Velocity with which 
a Body moves after a new Force is ap- 
ply*d to it, is to add the Values of the 


two Forces together; making the new - 


Force affirmative, if it have the ſame 
Direction as the former; and negative, 
it the contrary. 


Bu rT we have hitherto only proceed- 
ed upon the Suppoſition, that the new 
Force is directed along the ſame Line in 
which the former was; but this is very 
far from being always the Caſe. For it 
commonly happens, that the new Force 
is applied along a Line, which makes an 
Angle with that in which the former 


Force is applied or directed; as in the 


Figure. | 


Here 


%,F Sv 


3 
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Here the Body, having movꝰd along the 


Line A Cb as far as the Point C, is 


there impell'd by a new Force, whoſe 
Line of Direction is the Line EF. It 
will then be proper in the next place 
to enquire what the Conſequence will be 
of this new Force. And this Enquiry 
is anſwered by the ſecond Part of this 
Axiom, to wit, that there will be an Al- 


teration of the Line of Direction, which 
will be made towards the Line of Di- 
rection of this new Force, that is, to- 
BE wards the Line E F. I fay towards 


the Line E F, for it can't move along it, 
being hinder'd by the Force A D im- 


W pelling it another Way; and much leſs 
will it be able to get into any Line 


C without 
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without EB F. Since therefore it cannot 
move along A D, by reaſon of the Force 
E F; nor along E E, by reaſon of tje 
Force AD; it follows, that it will move 
in ſome new Line between them, as JZ; 
and by the firſt Part of this ſecond Axi- 
om, by how much this new Force is 
greater or leſs than the former, by ſo 
much this new Line X Z will be nearer 
to or farther from the Line E F. 


anne IR 


16 order to ſmooth the Way to an 
important Propoſition, which I ſhall de-. 1 
duce from what has been ſaid, let there 4 3 
be drawn as in the Figure the Line 4 

ACD, 
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NA C D, along which the Body A is im- 
1 Wir d by a Force directed from A to D. 

et it be impell'd in the Point C by a 
1 new Force, whoſe Line of Direction is 
WE F. Let there be drawn thro' the 
Point D the Line G H inclining toward 
C 2 the 
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the Line E E, and meeting it in H; the 
Line I K thro' the the fame Point pa- 
rallel to the fame Line E F; and the 
Line LM thro' the ſame Point, decli- 
ning from the Line E F. It is plain, that 
if this new Force E F were not applied, 
the Body A impelPd by the Force AD 
alone would paſs thro” theſe three Lines 
at the ſame Inftant, that is, at their 
common Section the Point D. But 
when by the Application of this new 
Force it is obliged to alter its Path or 
Direction, and to move in the Line XZ 
as it was juſt now prov'd it would do; 
it is plain, that it will interſe& theſe 
three Lines ſucceſſively, as at the Points 
a, b, c, at different Inftants of Time. 
Now I fay, that in this Caſe it will 
touch the Line G H in the Point a, in 
leſs Time than it would have touchd 
it in the Point D, if it had been impelfd 
only by the fingle Force A D. As is 
very plain; for here are two Forces eon- 
ſpiring together in impelling it towards 
that Line, one towards the Point D. 
and the other towards H, which muſt 
neceſhrily 
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 X neceſſarily impart a greater Degree of 
Velocity, than either of them ſingle. 
e On the other hand, it will be longer be- 


- fore it reaches the Point c in the Line 
IM, than in moving to D in the for- 
mer Caſe. For the Force EF, as one 
may ſee only by Inſpection of the 
Scheme, doth now continually tend to 
draw it from the Line LM, and for 
that Reaſon muſt undoubtedly retard its 
Motion towards it. Since then the Bo- 
dy will arrive ſooner at the Lines incli- 
ning towards E E, as G H; and later at 
thoſe declining from it, as LM; it fol- 
lows, that it will meet a Line in the in- 
termediate Poſition, as I K, which is pa- 
rallel thereto, exactly at the ſame time 
in b, that it would have met the ſame 
Line in the Point D, had it been impell'd 
only by the ſingle Force A D. For ſince 
on the one Side of I K, the Time is 
leſs, and on the other Side more, it fol- 
los, that in I K it ſelf, the Times muſt 
be equal; that is, the Body A ſo im- 
pell'd by ſuch Force, will be found in a 
Line parallel to the Direction of that 
C3 Force, 
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Force, in the ſame Time (tho' not in the 
ſame Point) as it would have been, if 
that Force had not been apply*d. I ſhall 
ſhew the Uſe of this in the Demonſtra- 
tion of the following Propoſition. 


Ir two Forces in different Directions 
be apply'd to a Body, it will deſcribe the 
Diagonal of a Parallelogram, along 
whoſe Sides thoſe two Forces are direQ= 
ed, and in the fame given Time in 
which the Body would deſcribe either L 


of thoſe Sides. 
LE r then a Force be apply'd in the 4 
1 B | 
1 
F 
„ 
1 


point A to a Body in that Point; and 


let that Force be of ſuch a Quantity as 4 
to 
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to be able to impel it as far as Bin a 
given Time. Let at the ſame Inſtant an- 
other Force be apply'd along AC ſuffi- 
cient to carry the Body to C in the ſame 
given Time. Compleat the Parallelo- 
gram by drawing B D and C D. I fay, 
that the Body will move along the Dia- 
gonal A D of this Parallelogram, in the 
ſame Time in which it would have 
mov'd along either of the two Sides, 
AB or AC, by the Means of either of 
thoſe Forces ſingle. For the Force A C 
being parallel to the Line BD, we have 


juſt now prov'd, that it will neither ac- 


celerate nor retard the Motion of the 
Body to the Line B D; fo that it will 
be found in the Line BD in the ſame 


Time exactly, that it would have been 


if that Force A C were not applied to 


it. And fo in like manner the Force 
= AB being parallel to CD, will not at all 


KE hinder, but that the Body A impell'd by 


the Force AC will arrive at C D, ex- 
actly in the ſame Time as it would have 


1 done, if that Force A B had not been 
| apply*d at all. It will therefore be found 
C 4 ſome- 
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ſomewhere in the Line CD, at the ſame 
Inſtant of Time, that it will bein BD; 
therefore it will be in the Point D, their 
common Interſection. In this manner 
the two Forces AB impelling the Body Þ 
towards B, and A C impelling it towards 
C, will be compounded i into a ſingle one 
impelli ag it from A to D. But a Bod7 
impell'd by a ſingle Force will proceed in 
a right Line; therefore along A D the 4 
Diagonal of the Parallelogram A BC Ds. | 


3 4 
* 


I have been the longer upon this Pro- 2 1 
poſition, and ſpent the more Time and 
Words, in explaining and making eaſy 
the Demonſtration of it, becauſe of its 
abundant and univerſal Uſe, which ex- 
tends it ſelf to the Solution of almoſt 
every Problem, and the Diſcovery of al- 4 4 
moſt every Truth, which relates to the 
Motion of Bodies impell'd by outward 
Forces, in what manner ſoever apply = 
The whole Doctrine of Projectiles, 4 
. comprehends the Art of Gunnery, 
is built upon this Propoſition; for by the 
Application thereof it is demonſtrated, i 
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I 5 that all Bodies projected by any Force 
with a rectilinear Direction, near the 
ir Surface of the Earth, will, by the Power 


er fof Gravity continually acting upon 
dy them, be obliged to deflect from that 
ds Direction, and move in the Curve of a 
ne Parabola. 

dy © | 

in Br the help of this Propoſition alſo, 
the 5 Sir 1/aac Newton, in his Principia, has 
D. q demonſtrated the true Syſtem of the 


World, made manifeſt the Laws by 

hich the heavenly Motions are direQ- 
ed and regulated, and the Effects and 
Influence the Celeſtial Bodies have upon 
ach other; and by this Means has 


ex- lear'd ſeveral Difficulties, and made 
Diſcoveries relating to them, that were 
"ought inacceſſible before. It is alſo 
ſeful to give an Idea of the Generation 


f Curve Lines, which it does eaſily 
nd naturally, and by that means ſerves 
clear the Way to the underſtanding 
he Nature of Fluxions. And laſtly, it is 
erviceable in demonſtrating the Nature 
nd Properties of the Mechanical Pow- 
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ers, with great Brevity and Facility. At 
preſent we ſhall deduce ſome Concluſi» 
ons from thence, applicable to the pre» 
ſent SubjeQ. 


1. From hence we may deduce the 
Compoſition of two given Forces into 
one, as alſo the Reſolution of any one 
ſingle Force into an infinite Number of 
compound ones. By the firſt we are 
able to find out the Change, as to Velo- © 
city and Direction, which is made in a 
Body by a new Force impreſs'd thereon, 
and to aſſign the Degree of Velocity, 
which is added to, or taken away from, 
a Body in Motion by a conſpiring or ⁵⁶ 
contrary oblique Force. b 
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X Tr a Body be moving along AB with 
MN a Velocity able to carry it from A to B 
ty» in a Minute of Time, and one would 
know how much additional Velocity it 
would receive by an oblique Force 
Ac, able to carry it from A to C in the 
Wſame time; *tis plain, that it is only ne- 
Neeſſary to compleat the Parallelogram, 
nd to draw the Diagonal AD; and the 
Excess of the Diagonal above the Side 
x 4 B is the additional Velocity ſought. So 
again, if one ſhould ſuppoſe the Force 
3 AE applied inſtead of A C, *tis plain, 
that this Force has a Direction contrary 
co that of the Force A B, and therefore 


will 
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will leſſen its Velocity inſtead of — 3 

to it; in this Caſe we muſt proceed as | 
before, and drawing the Diagonal A F, 
the Exceſs of the Side A B, above the | 2 
Diagonal, will give the Quantity of $ i 
Velocity loſt by Means of this new I ? 
Force. $ '# 


4 


2. Bx this Propoſition we are able to 
reſolve a ſingle Force into two, and there- 
by to know the Effect it will have when 
applied in a given Manner, Suppoſe the 


Line A CB to have one Point of it at 4 . 
C fix'd, like the Center of a Circle; and 
the other Parts to be capable of turning # 
round that fix'd Point, like the Radius 
round the Center, by a Force applied 
to it in any Point as A or B, either puſh- 
ing forwards, or ' pulling backwards. 

Now 
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ling Nou it is plain, that if this Force be 
das applied exactly along the Line A CB, it 
AE, will have no Effect at all towards ma- 
king the Line revolve about its Center, 
whether the Force puſh forwards to- 
wards C, or pull backwards towards D. 
But now, on the contrary, if we ſuppoſe 
this Force apply'd at right Angles to 
X ACB, or along AE, whether puſhing 
X upwards towards A, or downwards to- 
wards E, it is plain, that it will have a 
very great Effect, as being directly con- 
trary tothe Poſition of the Line A CB, 
and therefore capable of making a very 
great Alteration in its Situation. Now, 
ſince this Force may be apply'd in all 
manner of Directions between that of 
AE and that of A D, ſome of which 
Applications will have more Effect than 
t at others: We make uſe of this Propoſition 
and not only to know which is the molt effec- 
ning W tual of all, but the exact Quantity and 
dius Proportion of the Effect of each of 
theſe various Applications. 
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W have ſhewn before, that a Force I 4 


is valued and expreſs'd by the Velocity 
it produces in a given Time; and that 
Velocity by a given Line deſcrib'd with 
that Velocity in that given Time. One 

may therefore make uſe of a Line to 
expreſs a given Force, in Proportion to 
the Length of which Line the Force 


may be valu'd. If we ſhould ſuppoſe RF 


then in the above Figure the Line AE 
to expreſs the Quantity ofa given Force; 


I ſay, that Force apply'd at right Angles | 


will have an Effect equal to a greater 
Force apply'd obliquely. For by the 
laſt Propoſition, if we draw the Line EF | 


perpendicular to A E, and join AF, we 


ſhall reſolve the Faics AE into two, 2 
EF and AF, which two will by the 
ſame Propoſition have the ſame Effect 
as the other ſingle one. Now the Force 


E F, being parallel te the Line AC, 


can have no Effect at all, as was ;utt 
now ſhewa ; therefore the Effect of AF 
alone is but juſt equal to the Effect of 
AE. But the Line A F lying over- 
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againſt the right Angle is longer than 
AE, and therefore the Force, which is 


ocity * proportionable to it, muſt be greater; 
that therefore a Force apply'd at right An- 
with gles will have an Effect equal to that of 
One Ma greater Force apply'd obliquely. By 
ne to the fame Method one may eſtimate the 
on to Qyvantity of Force that is loſt by an ob- 
force lique Application. For ſuppoſe in the 
ppoſe ſame Figure the Force A F is apply'd, it 
AE is plain by what is juſt ſaid, that ſome 
Orce ; of that Force is loſt; becauſe a leſs 
ngles| Force, applied at right Angles, would 
eater have had an equal Effect. In order 
the therefore to know the exact Quantity, 
EF I reſolve this Force into two A E and 


n F, and the Quantity of Force, that is 
uſeleſs by the oblique Application of it, 
will be to the whole, as E F to A E, 
nd the Force, which is ſignificant, as 


E to AF. 


= 1 Have hitherto conſfider'd the Effects 
of Forces ſimple or compound upon a 
Body, as to the various Quantities of 
F Velocity they will impreſs upon it, and 
Z the 
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Ws have ſhewn before, that a Force 
is valued and expreſs'd. by the Velocity 
it produces in a given Time; and that 
Velocity by a given Line deſcrib'd with 
that Velocity in that given Time. One 
may therefore make uſe of a Line to 
expreſs a given Force, in Proportion to 
the Length of which Line the Force 
may be valu'd. If we ſhould ſuppoſe 
then in the above Figure the Line A E 
to expreſs the Quantity ofa given Force; 
I ſay, that Force apply'd at right Angies 
will have an Effect equal to a greater 
Force apply'd obliquely. For by the 
laſt Propoſition, if we draw the Line EF 
perpendicular to A E, and join A E, we 
ſhall reſolve the Force A E into two, 
EF and AF, which two will by the 
ſame Propoſition have the ſame Effect 
as the other ſingle one. Now the Force 
E F, being parallel to the Line A C, 
can have no Effect at all, as was juſt 
now ſhewn; therefore the Effect of A F 
alone is but juſt equal to the Effect of 
AE. But the Line A F lying over- 

againſt 
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againſt the right Angle is longer than 
AE, and therefore the Force, which is 
proportionable to it, muſt be greater; 
therefore a Force apply'd at right An- 
gles will have an Effect equal to that of 
a greater Force apply'd obliquely. By 
the ſame Method one may eſtimate the 
Quantity of Force that is loſt by an ob- 
lique Application. For ſuppoſe in the 
ſame Figure the Force A E is apply'd, it 
is plain by what is juſt ſaid, that ſome 
of that Force is loſt; becauſe a leſs 
Force, applied at right Angles, would 
have had an equal Effect. In order 
therefore to know the exact Quantity, 
reſolve this Force into two A E and 
E E, and the Quantity of Force, that is 
uſeleſs by the oblique Application of it, 
will be to the whole, as E F to A E, 
and the Force, which is ſignificant, as 
AE to AF. 


I HAvE hitherto conſider'd the Effects 
of Forces ſimple or compound upon a 
Body, as to the various Quantities of 
Velocity they will impreſs upon it, and 

| | the 
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the various Lines of Direction in which 
they will cauſe it to move, according to 
the infinite Variations of Quantity and 
Direction, which Forces are capable of 
receiving. 


Bur in this we have gone all along 
upon the Suppoſition, that theſe Effects 


are produced in the ſame or equal Bo- 


dies, ſuppoſing the ſame Force to re- 
ceive no Alteration as to its Effect from 
the Body it is applyꝰd to. But in con- 
ſidering the Effect of Forces upon Bo- 
dies, there is another Thing to be re- 
ſpected, and that is the Quantity of 
Matter contain'd in the Body. As we 
have then hitherto been diſcovering the 
Effects of Forces upon Bodies, where 
the Bodies have remain'd the ſame, 
and the Forces have differ'd; ſo we 
ſhall now canſider thoſe Effects where 
the Bodies are the ſame, and the Forces 
remain unalter'd, in order to lay the 
Foundation of our Reaſoning in Caſes 
where neither of them 1s the ſame. 


Now 
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Now the Difference of the Effects of 


Forces proceeding from the different Cir- 
cumſtances of the Bodies, takes its Riſe 
from the different Quantity of Matter 
contain'd in each. It will be therefore 
proper to ſpend a few Words in explain- 
ing what is meant by that Expreſſion, 
The Quantity of Matter. 


Every ſolid Body may be divided 
into a given Number of equal Parts, 
which Number is proportionable to 
what the Mathematicians call the ſolid 
Content of a Body of that Figure. If 
we ſuppoſe a ſolid Cube, whoſe Side is 
8 Inches, it 1s plain, that Cube may be 
divided into many equal and leſſer Cubes 
of 1 Inch, by multiplying, according to 
the Rules of Geometry, that Side in- 
to it ſelf firſt, and afterwards into the 
Product of that firſt Multiplication. 
This gives 512, which is the Number 
of ſuch little Cubes whoſe Side 1s 1 Inch, 
as taken together compound the great 
Cube whoſe Side is 8 Inches, as is eaſily 

D known 
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known by Geometry. But by the Rules 
of Geometry we alſo learn, that a Cone, 
a Pyramid, a Cylinder, a Sphere, or a 
Body of any irregular Figure, may be 
aſſigned, that ſhall have the fame ſolid 
Content as the Cube above-mentien'd, 
that is, whoſe ſolid Parts taken toge- 
ther, will be equal to 512 of thoſe little 
Cubes. We ſhould fay then, that ſuch a 
ſolid Sphere, or other Body, will contain 
in it ſelf an equal Number of ſolid Parts 
with that Cube; or in the Expreſſion 
we are here explaining, that it contains 
the ſame Quantity of Matter. By the 
ſame Method one may divide that Cube 
into an immenſe Number of ſmall ones, 
whoſe Sides ſhall not contain above +8, - 
Part of an Inch; an equal Number of 
which ſmall Cubes ſhall alſo be exactly 
contain'd in a ſolid Sphere of equal Con- 
tent with the Cube. We may alſo ima- 
gine two ſolid Cubes, one which ſhall 
have twice the ſolid Content of the 
other, in which Caſe it will have twice 
the Number of equal ſolid Parts, that is, 
twice the Quantity of Matter, The 
| & ſame 
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fame may alſo be ſuppoſed of two Spheres 
or of any other Bodies, concerning which 
we {ſhould fay, that the greater Sphere 


has twice the Quantity of Matter in it 
that the leſſer has. 


AC 0 — 

' 4 D B 
Fax * mY 8 
5 Ir we then ſuppoſe two Spheres im- 
pell'd along AB and A B by two equal 
Forces, and that the Sphere C hath but 
* half the Quantity of Matter in it that 
8 the Sphere D hath, it is, I think, eaſy 
* to diſcover, that the leſſer will, move 
= with twice the Velocity of the greater. 
2 Fox if we ſhould ſuppoſe them both 
ne divided into a Number of equal ſolid 
7 Parts, it is plain from what was ſhewn 


juſt now, that the Sphere D will contain 
twice the Number of thoſe equal Parts 
| = that 
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that the Sphere C does. Let us ſuppoſe 
the Sphere D to contain 1000 of thoſe 
equal Parts, and the Sphere C 500. 
The Force therefore which impels D will 
be divided equally into 1000 Parts, and 
the Force which impels C into $gocs 
Theſe Forces being at firſt ſuppoſed 
equal, it is evident, that one of thoſe 
equal Parts into which the Force at C is 
divided, is twice as great as one of thoſe 
equal Parts into which the Force at D is 
divided. For if we ſuppoſe two equal 
Lines to be divided one into 1000 equal 
Parts, and the other into 500, without 
doubt the 5ooth Part of one equal Line 
will be twice as great as the 1oooth 
Part of the other equal Line. There- 
fore each of the 1coo Parts of the Sphere 
D will receive a Force but half ſo great, 
as each of the 500 Parts of the Sphere C. 
If therefore every Part of the Sphere D 
receive but half the Force, every Part 
thereof will for that Reaſon move but 
with half the Velocity that every Part 
of the other does; but the Velocity of 
the whole Sphere is the ſame with the 


Velocity 
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Velocity of its Parts, therefore the whole 
Sphere D will move but with half the 
Velocity that the whole Sphere C does: 
Which was the thing tobe prov'd. And 
ſince there can be no Pretence of Rea- 
ſon for doubting or imagining that it will 
prove otherwiſe in any like Caſe, we 
draw this general Concluſion. 


THe Velocities with which unequal 
Bodies move after being impell'd by e- 
qual Forces are reciprocally as the Quan- 
tities of Matter in each Body. The 
Meaning of which is, the greater the 


Quantity of Matter is, the leſs will the 
Velocity be in each. 


Bu r tho? the Velocities with which 
unequal Bodies impell'd by equal Forces 
are unequal, the Quantities of Motion 
are equal however. The Quantity of 
Motion is the ſame that I call'd before 
the Momentum, and is compounded of 
the Velocity with which the Body 
moves, and its Weight, which is always 
proportionable to the Quantity of Mat- 

03 ter ; 


N 
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ter; and it is eſtimated by the Force 


which it is able to communicate to any 


Body that it meets with in its Way, 
Therefore unequal Bodies impell'd by 
equal Forces, tho* indeed they will not 
move with equal Velocities, will yet 
communicate the ſame Force to any Bo- 
dy, that either of them ſhall happen to 
meet with. That is, if a Body A, whoſe 


A E B 

SS. RA . 

I, _ | \/ * 5 | 

C F 
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Quantity of Matter is as 1, ſhall be 
impell'd along one Line A B, and a Bo- 
dy C, whoſe Quantity of Matter is as 
4, be impell'd along CD, the Velocities 
with which they will move, will by the 
former Propoſition be unequal ; that is» 
the Velocity of the great one will be ſo 
much leſs than that of the leſſer, by how 


much the Quantity of Matter therein 
exceeds 
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exceeds the Quantity of Matter, or the 
Weight (which is the ſame thing) of 
the other. But its Quantity of Matter 
is 4 times greater, therefore its Velocity 
will be 4 times leſs. | 


VET I fay, that if theſe two Bodies 
ſhould meet in the Points E and F, two 
new Bodies E and F at Reſt in thoſe 
Points, they will impreſs two equal 
Forces upon thoſe Bodies, notwithſtand- 
ing the great Difference there is of the 
Weight on one hand, and of the Velo- 
city on the other. The Reaſon is, that 
theſe two Differences being proportion- 
able, compenſate each other, that is, the 
Want of Velocity is compenſated by the 
Exceſs of the Weight in the greater o- 
dy, and the Want of Weight in the leſ- 
ſer is compenſated by the Exceſs of the 
Velocity. To ſhew this, let us ſuppoſe 
the largeſt Body C to be divided into 4 
equal Parts, then each of theſe 4 equal 
Parts will be equal to the leſſer Body A. 
Each of theſe 4 equal Parts will then 
move by our Hypotheſis with a fourth 

D 4 Part 


40 Of the Mechanical Powers. 


Part of the Velocity of the Body A, 
and fince each of them is equal to it as 
to Quantity of Matter, they will have | 
each the ſame Effect upon the Body F, 
as the Sphere A would have upon the | 
Body E, it moving with a quarter of 
its Velocity: But the Sphere A has 4 
times the Effect it would have, if it 
moved only with a quarter of its Ve- 


locity, therefore it has 4 times the Effet IM 


upon the Body E, that one equal Part 
of the Sphere C has upon the Body F. 


Bur if a fourth Part of the Body C, 
have a fourth Part of the Effect of the 
Body A, it follows, that the entire Bo- | 
dy C will have the ſame Effect as the 
Body A exactly; that is, it will impreſs 
the ſame or an equal Force upon the | 
Body F, as the Body A will do upon the 
Body E. Therefore if the Bodies E 
and F be equal, they will move after the 
Impulſe with equal Velocities; otherwiſe | 
their Velocities will be in a reciprocal 
Proportion to the Quantity of Matter 
or the Weight of each, 

THE 


The Laws of MoT10N. 41 


TH x Reſult then of our preſent En- 
quiry has amounted to the Diſcovery of 
theſe important Truths. 


1. THaT the Velocities which two 
equal Forces impreſs upon two unequal 
Bodies, are reciprocally as the Quantity 
of Matter in each. 


2. THAT notwithſtanding the Forces 
{o impreſs'd upon the Bodies cauſe ſuch 
different Velocities, yet the Forces 
which thoſe Bodies are capable of com- 
municating to another by impelling it, 
are equal; the Meaning of which is, 
that if we ſuppoſe two Bodies ever fo 
unequal as to the Quantity of Matter in 
them, yet if the Velocities with which 
they move be reciprocally proportional 
thereto, the Quantity of Motion in both 
will be equal; that is, they will impel 
any Bodies which they meet with in 
their Courſe with exactly equal Forces. 


As 
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C 


As for Example, if we imagine one 
Body A to be as 1, and another Body 
C as 100, and to move with Velocities 
they are in the great Body as 1, and 
in the leſſer Body as 100, they will im- 
pel any Bodies, as E and F, which they 
meet with in their Courſe, with equal 
Forces. And for the ſame Reaſon, if in- 
ſtead of moving along two ſeparate 


Lines, they ſhould move along the ſame 
Line, as G H, with contrary Directions, 
DT they 
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they will impel each other with the ſame 
equal Forces; and therefore ſince they 
urge one another with equal and oppoſite 
Forces, they muſt both ſtop, as was 
ſhewn occaſionally before. And in the 
fame Manner if they ſhould impel the 
two Arms of a Ballance at each End, 
they would impel thoſe two Arms with 
equal Forces ; and therefore if the Bal- 
lance was in Equilibrio before, it will 
remain in the ſame Condition after the 
Impulſe. Thus you ſee, that any two 
Motions will be equal between them- 


ſelves in which the Velocity of each Bo- 


dy multiplied into the Quantity of Mat- 
ter, or the Weight (which is the fame 
Thing) produce two equal Rectangles 
or Products; and if they have oppoſite 
Directions, will exactly counterpoiſe and 
ſtop each other. 


ANp for the ſame Reaſon, if in an 
two oppoſite Motions theſe Rectangles 
are unequal, the Body, on whoſe Side the 
greateſt Rectangle is form'd, will pre- 
vail over the other, and impel it along 
the 


— — — — 
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A 


AB 


As if A and B be moving along ACB 
with oppoſite Directions, and meet in 
C, and the Weight of A be as 1, and its 
Velocity as 3; and the Weight of B as 
2, and its Velocity as 1; multiply the 
two Numbers anſwering to the Velocity 
and Weight of each Body into each o- 
ther, and in the Body A this Product 
will be 3, and in B only 2. Therefore 
the Body A will prevail over B, and 
there being a Force equal to 2 loſt on 
the Side of A, it will ſend B back again 
with a Force equal to 1. 


HENCE it appears, that the ſmalleſt 
Body in Motion is capable of moving 
the largeſt at Reſt. To make this'Truth 
evident, which may ſeem ſurprizing at 
firſt, let us imagine a Body equal to one 
Pound Weight, moving with a Velocity 


of 


the Direction in which it ſelf is moving. 
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of 3 Foot in a Second of Time; or, 


which is the ſame Thing, ſuppoſe a Man 
with his Arm to apply a Force equal to 


it; I fay, that this ſmall Force would be 


able to remove, for Example, a Stone 
of 1000 Tun Weight that is entirely at 
Reſt; and not only to remove it, but to 
impreſs a Force upon it, that ſhall cauſe 
it to move as long and as far as he ſhall 
think fit, 100 or 1000 Yards, ſuppoſing 
all outward Reſiſtance to its Motion ta- 
ken away. 


Fox if we multiply on the Side of 
the ſmall Body its Weight 1, into 3 its 
Velocity, it produces 3; but if we do 
the ſame on the other Side, the Velocity 


in that being equal to nothing, a Body 


at Reſt having no Velocity, it follows 


that if the other Number repreſenting 
the Weight be never ſo large, it being 
multiplied by o will produce no more 
than o. Therefore the Rectangle on 
the Side of the greater Body being o, 
and on the Side of the leſſer 3, it fol- 


lows that the leſſer will overpower the 


greater, 
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greater, and cauſe it to move with 4 
Velocity reciprocally proportional to the 
Weight. And this Force being once im- 
preſs'd will by the firſt Axiom continue 
the Motion as far as one pleaſes, if all 
outward Impediments are remov'd. 


Bur this Myſtery will eaſily be un- 
folded, if we conſider that the Velocity 
of this Motion is reciprocally propor- 
tional to the Weight. Now the Weight 
being ſo large, the Velocity, with which 
this great Body moves, mult be exceed- 
ing ſmall; for a Stone of 1000 Tun 
Weight contains above two Millions of 
times the Weight of a Body of one 
Pound, and therefore muſt move above 
two Millions of times ſlower, which, as 
one may find by an eaſy Computation, 
will not be at above the rate of one Inch 
in 24 Hours. And in Practice that 
little Velocity will always be reſiſted 
and taken away by the Friction of Sur- 
faces which was before taken notice of. 
So that, tho? there be nothing more cer- 
tain than this Truth, it is not eaſy to 

prove 


The Laws of MoT1on. 47 


prove it by Experiment, by reaſon of 


accidental Hindrances. However, to re- 
move them as much as poſſible, there 
have been invented ſeveral practical 
Helps of difterent Kinds ; ſome contri- 
ved to avoid this Friction which is ſo 
great an Hindrance ; others to colle& 
and apply Force in a more convenient 


Manner than can be done without them, 
and theſe are called Mechanical Powers. 


8E T. II. 
Of the MECHANICAL PowERs. 


HE Mechanical Powers are com- 

monly reckoned Seven; the Bal- 
lance, the Lever, the Pully, the Wheel, 
the Wedge, and the Screw; to which 
ſome add the inclined Plane; but indeed 
the four firſt, and the three laſt, 3 
0 
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ſo evidently upon the ſame Principles, as 


might very well warrant the reducing of 
thoſe ſeven to two. However Cuſtom 
having order*d otherwiſe, and the Mat- 
ter being of no great Conſequence, we 
may as well follow the old Reckoning. 
Theſe are alſo capable of being com- 
pounded together with great Advantage 
and Convenience, upon ſeveral Occaſions. 


THERE are other Mechanical Powers 
belides theſe; as the Sail of a Ship, and 
of a Wind-mill; the Spring, upon which 
the Force of a Bow in ſhooting an Ar- 
row depends ; the Battering Ram of the 
Ancients, the Hammer, and ſeveral o- 
| thers. But theſe ſeven above-mention- 
ed being of more general Uſe, and admit- 
ting of greater Variety of Propoſitions 
relating to them, are moſt generally 
known by that Name, and conſider'd 
by Mathematicians. Only the Sail be- 
ing become of ſuch univerſal and im- 
portant Uſe, the Reader will not be 
diſpleaſed, I believe, to have the Nature 
and Properties of it diſtinctly explain- 
ed; 


th 


IF 
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ed; which he will accordingly find done 
in its proper Place. 


I — 
—_ — 


Of the BALLANCE. 


VERY body knows what a Bal- 
lance or Pair of Scales is in com- 
mon Life; but in order to reaſon Ma- 
thematically upon it, we muſt look ſome- 
what nicely 1nto its Original. 
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ure Ie in a Line, as A C B, we imagine the 
in- Point C fixed, and the two Segments 
8 E thereof 
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thereof AC and C B to revolve round 
that Center like Radii of a Circle, the 
Points A and B will deſcribe Arches of 
Circles round that Point C, which ſhall 
be to each other as thoſe Lines. The 
Velocity alſo, with which each Point 
of thoſe Lines moves, will be as the 
Arch that each Point defcribes. For the 
Velocity is proportionable to the Space 
gone over; that is, to the Arch deſcri- 
bed. Now the Velocities being to each 
other as the Arches, and the Arches as 
the Circumferences, and the Circumfe- 
rences as the Radii; it follows that the 
Velocities are as the Radii; that is, by 
how much the Line A C is ſhorter or 
longer than the Line C B, by ſo much 
the Velocity of the Point A is leſs of 
greater than that of the Point B; and 
tis evident that this will be the Caſe d 
all the other Points in either of thok 
Lines, that by how much their Diſtand 
is greater from the Point C, with 
much the more Velocity will they mon 
And if any one ſhould ſuppoſe a. For 
of any Kind acting either at A or B, Mua 

pla 
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plain, that let it make thoſe Points move 
with what Velocity ſoever, the Veloct- 
ties of the other Points will {till be in 
the ſame Proportion ; and that the Line 
ACB being imagin'd as perfectly in- 
flexible, a Force apply'd to any one 
Point will be communicated to all the o- 
thers on both Sides the Point C, in ſuch 
ſort as to make them move with Veloci- 
ties proportionable to their - Diſtances 
from the fix*d Point C. And this circu- 
ar Motion .once begun, will continue 
for ever by means of this Force, unleſs 
ome new outward Force ſtops it, as was 
ewn of a Rectilinear Motion before. 
And as a Rectilinear Motion may be en- 
reaſed by a Force conſpiring with its 
6 irection, and leſſen'd or ſtop'd by a 
an{W!ler or equal oppoſite Force, ſo in like 
nanner may this circular Motion be. 
ad in like manner, as two Bodies im- 
elled by Forces contrary and equal will 
ich Nactly counterpoiſe each other in a Rec- 

on iacar Motion, where the Velocity and 
| Foroantity of Matter are on both Sides 
c B, qual, fo will they do in this. In the Fig. 

pla "M0" let 


. 
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let there be choſen the Point C in the 


Line A B equally diſtant from the Extre- 
mities A and B, and that Point C being 
fix'd, let the Lines AC and C B move 
round it with a circular Motion, and let 
two equal Bodies, moving with equal 
Velocities along EB and F A, impel 
the Line ACBinAandB at the ſame 
Inſtant of Time. It is plain, that the 
Force F A would of it ſelf cauſe the Line 
A C to revolve towards G, and the Line 


ACB being ſuppoſed inflexible, the 


other 
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other Segment CB muſt revolve towards 
H. So the Force E B would of it ſelf 
cauſe the Line C B to revolve the con- 
trary Way towards K, and the Line A C 
for the ſame Reaſon towards L. There- 
fore theſe Bodies oppoſe each others 
Motion; and ſince they are equal as to 
Weight, Velocity and Diſtance from 
the Center, that Oppoſition on both 
Sides muſt be equal; and therefore they 
can't turn the Line A CB round at all. 
And if we ſhould ſuppoſe the Strings 
MA, NB faſten'd at the Ends of the 
Line A CB, and that the Points A and 
B are pulled downwards, E towards M 
and N by thoſe equal Bodies hanging at 
the Strings M A and NB, the Effect 
would ſtill be the ſame, and the Line 
A CB would remain in Æquilibrio as 
before. Now this is the Caſe of the 
common Ballance, in which the twa 
Scales are at equal Diſtances from the 
Center of Suſpenſion. For two Bodies 
of equal Weight put into thoſe Scales 
pull the Arms downwards, one on one 
Side, the other on the other. But by 
E 3 _ the 
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the Make of the Machine, one Arm 
can't fall except the other riſes; and by 
reaſon of the equal Weights, each Arm 
is pulled downwards by a Force equal 
to that which raiſes it upwards; there- 
fore the Arms can neither riſe nor fall, 
and conſequently the Ballance will re- 
main in Aqnuilibrio. 


THis is the Cafe of the common Bal- 
lance ; but there is another Kind of Bal. 
lance called the Roman Ballance or the 
Stilliard; in which both the Weights Þ 
are unequal; and their Diftances from 
the Centre of Suſpenſion unequal alfo- 
The Method in weighing any thing 
with this Ballance is, to make the Dif 
tances of each Weight from the Centre 
of Suſpenſion reciprocal to the Quantity 
of the Weight ; that is, to hanga Weight 


of 1 Pound 8 times farther from the N 
Centre of Suſpenſion than the other of de 
8 Pounds; and fo other Weights in the t 


ſame Proportion. This is the Method 
in Practice: I ſhall now ſhew the Geo- 
metrical 
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metrical Reaſoning upon which this 
Practice is built. 


Ir was proved before, that two mo- 
ving Bodies have equal Momenta or 
Quantities of Motion, when the Velo- 
city of each Body multiplied into its 
Weight, produce on each Side equal 
ReQangles or Products. It was there 
ſhew'd alſo, that ſuch Bodies moving in 
the ſame right Line with oppoſite Di- 
rections will counterballance and ſtop 
each other. And that the Caſe was the 
fame if they ſhould impel two Arms of 
a Ballance which are in Æquilibrio. 
They would exactly counterpoiſe each 
other, and the Ballance would remain 
unalter'd. The Reaſon was ſhewn to 
be this plain one, that it requires the 
ſame Force exactly to impel one Part of 
Matter thro' three Parts of Space, as it 


does to impel three Parts of Matter 
rhro* one Part of Space. 


E 4 Ir 


A C 


D 


V3 N C1 
Iz we ſuppoſe then in the Figure the 
Line A C B in a Horizontal Situation, 
and divided at the Point C, in ſuch a 
manner that the Line AC may be to 
CB as1to3; and that at the Point A 
there hang a Weight equal to 3, and at 
B, a Weight equal to 1, the Weights 
and Diſtances will be in reciprocal Pro- 
portion. In this Caſe then, the Line 
ACB will incline neither Way, but re- 
main in the ſame Horizontal Situation 
it was in before, For at the ſame Time 
that the Point A pulled downwards by 
the Weight tends to deſcribe the Arch 
AD, the Point B being lifted up by the 
ſame Force tends to deſcribe the Arch 
B E. Now the Arches AD and BE, 
being proportional to A C and C B, will 
5 es be 
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be as 1 to 3. Therefore the Weight 
at A, which is as 3, tends to go over the 
Space AD which is as 1; at the ſame 
time the Weight at B, which is as 1, 
tends to go over the Space B E which 
is as 3. Now theſe two Tendencies or 
Efforts, were ſhewn to counterpoiſe each 
other; and therefore ſince the two 
Weights tend contrary Ways with equal 
Forces, they can neither riſe nor fall, 
but muſt remain in Æquilibrio. 


Tais Propoſition may be demonſtra- 
ted ſeveral other Ways; but the Me- 
thod uſed occaſionally by Sir 1/aac 
Newton by the Reſolution of ſingle 
Forces into Compound is ſo very curi- 
ous, that I believe it won't be difagree- 
able to conſider that likewiſe, in a Man- 
ner ſomewhat more diffuſe than was 
agreeable to his Purpoſe or Method. 


LET 
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LE T us ſuppoſe in the Figure a circy- 
lar Plane ſuſpended in a Situation per- 
pendicular to the Horizon, by an Axis 
that paſſes thro' its Centre at right An- 
gles to its Plane, the two Ends of which 
Axis being fix'd, the circular Plane may 
move round it, by a Force or Weight 
apply'd to any Point thereof. If there 
be hung upon any Point of this Plane 
as 


/ 
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as A, a Weight as D, the circular Plane, 
which before was in AÆquilibrio, by rea- 
ſon that all its Parts being at equal Dif- 
tances from the Center, could not 
ponderate any way, will now by this ad- 
ventitious Weight altering its LEquilibri- 
um, de forced to revolve round its Axis 
C. ſo that the Point A will deſcribe the 
Line AF, And ſo if we ſhould fup- 
poſe the Weight E, hung at the Point 
B, by a String BE, it would make the 
Plane revolve the contrary Way from 
B to H. The Queſtion is then, what is 
the Situation and Quantity of two 
Weights, which having oppoſite Motions 
as D and E have, ſhall keep this Plane 
in /Eqnilibrio as it was before. And I ſay, 
that if we ſuppoſe a Line A B drawn 
parallel to the Horizon, and the Weights 
to be ſuſpended upon that Line, in ſuch 
ſort as that their Diſtances from the 
Centre C may be reciprocally proportio- 
nal to their Weights, they will remain 
in Æquilibrio. 


BU r 
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Bur in order to demonſtrate this, 
we muſt premiſe the following Lemma, 
that the Effect of the Weight in turn- 
Ing this Plane will be the ſame in all 
Points of the Line AGI, as it will 
be in any one of them ; that is, that it 
will have the ſame Effect at G or I, that 
it will have at A. This appears from 
what was before ſhewn of oblique For- 
ces and their Effects, in p. 28. 


LE T us then ſuppoſe the Weights D 
and E hanging at A and B, and keeping 
the Plane in Æguilibrio. Making the 
greateſt Diſtance C B Radius, imagine a 
Circle deſcribed upon the Plane that 
ſhall interſect the Line A D in G. Then 
will CG be equal to CB. Now by the 


Lemma juſt now mention'd, the Weight 


D will have the ſame Effect pulling GC 
obliquely as the Weight E hath, pul- 
ling C B at right Angles. In this Caſe, 
if the Weights were equal, the Plane 
could not be in Æmguilibrio; for the equal 
Weight D aCting obliquely, has leſs Force 

than 
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than the equal Weight E that aQs in 
right Angles; ſo that the Weight E 
would overcome it and make the Plane 
revolve; contrary to the Suppoſition. 
Therefore to compenſate this Defect, its 
Weight muſt be ſo much the greater; 
that is, by how much the perpendicular 
Force is greater than the oblique Force, 
by ſo much muſt the Weight apply'd 
obliquely be greater than that which is 
apply'd perpendicularly. Now, in order 
to find the Proportion of the oblique 
Force to the Perpendicular, draw G K 
at right Angles to GC, and IK parallel 
to it, and compleating the Parallelogram 
LG K, the oblique Force G I will be 
reſolved into two, G K and LG. Now, 
by what I prov'd above, the oblique 
Force will be to the Perpendicular as 
G K to GI. But the Triangles GI K 
and GIL are like, as being formed by 
the Diagonal of the Parallelogram, and 
theſe two are like to the Triangle 
A GC; for the Angle AG C is equal 
to the Angle 16 L, and therefore to 
GI K, and there is a right Angle in all 

the 
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three; therefore all the three Triangles 
are alike or ſimilar. Therefore as G K to 
GI, fois AC to G C, but the oblique 
Force is in this Cale to the perpendicular 
as GK to GI, therefore as A C to GC, 
and G C being equal to C B, the oblique 
Force is to the perpendicular as A C to 
CB. But it was ſhewa above, that by how 
much the perpendicular Force exceeds 
the oblique Force, by ſo much will the 
Weight apply'd obliquely exceed the 
Weight apply'd perpendicularly ; that 
is, as the oblique Force is to the perpen- 
. dicular, ſo is the Weight E to the 

Weight D. But the oblique Force is tg 
the perpendicular as ACtoCB, there- 
fore the Weight E is to the Weight D 
as AC toCB; which was the Thing 
to be provꝰd. 


Now, if we ſuppoſe the uſeleſs and 
ſuperfluous Parts of this Machine taken 
away, there will remain nothing but 
the Line A C B, ſupported by a perpen- 
dicular Lineat C, with the Weights D 
and E hanging atits Ends A and B, which 

is 
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i the Figure of the Ballance in our 
laſt Demonſtration. From hence we 
may infer, 


1. SN CE two Weights hanging at 
the End of a Ballance will be in Æquili- 
brio, if they are in reciprocal Proportion 
of the Diſtances ; ſo if they are not in 


that Proportion, they will not be in 
Aquilibrio. 


2. THAT on that Side where the 
Rectangle of the Weight into the Dif 
tance is greateſt, that Weight will pre- 


vail and cauſe the Ballance to deſcend on 
that Side. 
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2. THAN if we ſhould ſuppoſe the 
Ballance inclin'd to the Horizon as the 
Line GCN, the Weights will {till be in 
Aquilthrio, if the Arms GC and CN 
be to each other in the ſame reciprocal 
Proportion as A C to CB; for it was 
prov'd before, that the Weight D pul- 
ling at GC had the fame Effect as at 
AC; and for the ſame Reaſon, the 
Weight 
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Weight E will have the ſame Effect at 
NC that it has at BC. Therefore 
theſe two Weights have the ſame Ef- 
fe& ; that is, keep the Plane in Æquili- 
brio as well when they act upon the in- 
clin'd Ballance G CN, as when they act 
upon the Horizontal Ballance A CB. 
All that remains to be prov'd is, that 
G C is to CN as AC to CB. But 
the Angle A CG is equal to the Angle 
NCB, and there is a right Angle at A 
and B by the Conſtruction, therefore the 
Triangle A C G is ſimilar to the Tri- 
angle N C B. Therefore the like Sides 
having like Proportion, G C is to CN 
as AC to CB. 


W po Nr ku. 
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4. THAT if two unequal Weights are 
given, and it be requir'd to hang thoſe 
two Weights upon a Ballance in ſuch 
manner, that they may keep the Ballance 
in /Equilibrio, the Way is to divide the 
Length of the Ballance into two Parts 
that are to each other as the two Weights, 
and to hang the greateſt Weight at the 
end of the ſhorter Part, and the leſſer 
upon the longer. 5. TTF 


5. THAT the leaſt imaginable Weight 
may counterpoiſe the greateſt, if the 
Ballance be divided in ſuch a Proporti- 
on as that the Diſtance of the fix'd 
Point from either be reciprocally pro- 
portional to the Weight: That is, that 
a Weight of 1 Pound may keep ſuſpen- 
ded a Weight of 1co00o, ſuppoſing the 
Diſtances from the fix'd Point to be re- 
ciprocally proportional to the Weight, 
that is, as 1 to 100000. Theſe are the 
Properties of the Ballance conſider'd as 
ſuch. 


B u T, if we ſhould ſuppoſe one of 
the Weights taken away, and inſtead 


thereof any Force, as of an animal Crea- 
ture, apply'd thereto, equal to the Force 
Jof the Weight, then the Ballance chan- 

ges its Name, and is called a Lever. 
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of the LE VER. 


Obſerv-d above, that the ſmalleſt Bo. 

dy in Motion, or, which is the ſame 
thing, the ſmalleſt Force, is able to 
move. the largeſt Body at Reſt, with a 
Velocity that is to its own in reciprocal 
Proportion to - the Weight, and this is 
the moſt that can be done by human i 
Power. That is, a Man is able by the] 
Laws which Nature has aſſign'd to 
Matter and Motion, if all outward Im- 
pediment and Oppoſition are taken away, i 
by his own Strength alone to remove the 
greateſt Body, without having any Oc- 
caſion for the Aſſiſtance of any Machine iſ 


But the Matter is, that thoſe outward 


Impediments are ſo great, as to hindet i 
this Law of Nature from taking Place. 


For Example, if a Man have Oecafion Mi * 


to lift a Weight of 40 Pound from the 
Ground, and to ſet it upon any Place, 
perhaps 3 Foot high ; ſince this Weight 
is manageable by the Strength of mol 
Men, it follows that he will have no- 

thing 
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thing elſe to do but to take it in one or 
both Hands, and to lift it to the Place 
deſign'd. In this Caſe it is plain, that 
the Weight will move with a Velocity 
equal to the Force; for a Weight, that a 
Man holds in his Hand, will certainly 
move as faſt as his Hand does. But if it 
S ſhould be requir'd to lift a Weight of 
W 50 Pound to the fame Place, it was 
prov'd that he might do this alſo, if he 
could apply his Force to it in ſuch a 
Manner that the Velocity, with which it 
moves, might be as much leſs than that 
Wot the former of 40 Pound, as the Weight 
Jof 40 Pound is leſs than 3 that is 15 
Þ imes leſs ; if I ſay he could do this, he 
Night remove this greater Weight allo; 


ail Waly it being 15 times greater, it would 
. m 2 what we proved move 15 times flow- 
a 


12 Now this can't be done without the 
nter vention of ſome Inſtrument or Ma- 
hine; for, as I faid, if a Man apply only 
he Members of his Body, the Force can 
ove no faſter than the Weight does; 
ut it is neceſſary that it ſhould be 15 
imes faſter. What thoſe Machines are, 
F 2 that 
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that are generally uſed for this Purpoſe, 
I mentioned before ; the Lever, the Pul. 
ly, and the Wheel; the inclin'd Plane 
and the Screw, depending upon ſome- 
what different Principles. I am now to 
conſider the firſt of them. 


_— Ld - . 
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Tuts Inſtrument, or Machine, is ge 
nerally in Practice a: wooden or iron Bar, 


I 


2 

when uſed for the lifting of Weights ! T 
tho” it comes in ule under many differen f 
Forms upon ſeveral Occaſions of Lik En 
There are four kinds of Levers. : Di 
1. Is a Man has occaſion to lik = 


great Weight, as for Example, a largf 
and heavy Stone, entirely off the Ground 
he makes uſe of a Lever of the fil | | 
Kind. Having firſt got his Lever und | 
the Weight char i is to be mov'd, and ff 


ten'd them together, he lays ante Ty 
Stone, or Body, that will ſerve for a Mixe 
(or Fulciment, as it is often called} u L 


der his Lever, which Fulcimear, foi 
Reaſon hereafter to be explain'd, | 


places as near the Weight rhat-is to) 
mov! 
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mov'd, as conveniently he can. Then 


will the Lever, the Prop or Fulciment, 
and the Stone, appear as in the Figure. 


a 
Bar, N 
bu This — done, with what Strength he 
ren gnds needful he preſſes upon the longer 
Lik End B of the Lever, downwards, in the 
Direction BC, which End B deſcend- 
„ Wing, makes the other End A of the Le- 
it yer to aſcend, together with the Weight 


larg 1 hat is faſten-d to it. In this Caſe the 
4 


ou fx'd Point is between the Power and 
he Weight. 


2. Ir a Man deſires to ſet ſuch a Stone, 
p on End only, without moving it en- 
Wirely off the Ground, he makes uſe of 

a Lever of the ſecond Kind. Having 
got his Lever under the Stone, he lets it 
ie flat upon the Ground, without any 
rop to ſupport it, as he did before. 
F 3 . Roa 
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Then will the Lever and the Weight ap. 
pear as in the Figure. Then inſtead of 


puſhing the Lever downwards, as in the 
firſt Caſe, he heaves it upwards ; ſo that 
the Weight lying upon one Part of it 
muſt aſcend at the ſame time with the 
Lever. In this Caſe the Weight is be- 
tween the fix'd Point and Force or Pow- 


the Leyer. 


rearing up may be conſider'd as a Lever 
of this Kind; that Part of the Ladder, 
that is between the Man's Hands that 
raiſes it and the Top, being taken for the 
Weight, the Perſon's Hands for the Pow: 
er, and the Endof the Ladder, that ret: 
upon the Ground, for the fix'd Point. 


4. Tut 


SO 2 — — me 


er, the fixed Point being at the End off 


3. Tas third Kind of Lever is where 
the Power 1s between the fx'd Point and 
rhe Weight. A Ladder or a May-pole 
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4. Tux fourth Kind of Lever is where 
the fix*d Point is at an Angle, and is cal- 
led a bended or crooked Lever. A 


F Hammer drawing out a Nail is ſach a 

he Kind of bended Lever. I come now to 

2 ſhew the Properties of theſe four Kinds 

4 of Levers. 

the Now, the firſt of theſe is very evident. 

be- ly the fame thing as the Ballance, where 

* tbe Weights are unequal, and the Arms 

10 W that ſupport them are unequal alſo. For, 

it we ſuppoſe in the Figure the Line 

nere 8 11 _B 

and * 1 

pole | 

eve! 

{der 1 

that AC B divided in C, and two Weights 

r the 7 
hung at theArmsCB and A C, recipro- 

84. cally proportional to the Length of thoſe 


Lines, then by what I prov'd under my 
laſt Head, thoſe Weights will mutually 
Tas ſupport each other, and the Machine is 
78 — 34 called 


It. 


1 
1. 
nh 
| l 
: 

: 

[ 
| 1 
o S797 
my 
- 
\ | 
G : 


— — — — = 
— — 
5 — 
—— — 
— — — — 
— _ = 2 — — 
- 


CR TC CC DT —ũʒ —„¾ 
— 4 > 
— = — — — mg, —_— — — 
1 
— —— — — <— ʒ—— — - 
— — —— — — m 
_— — —— — — 
m—_—_— A "x - "=O 
- * w_ — — - 29 —2 — 
— — — — — _ — = — — - a 
— — — — — a — — — 
— — — — 
_ — - 
— ——— _ 


72 Of the Mechinical Powers. 


called a Ballance. Bur if, inſtead of the 
Weight at the End of the longeſt Arm, 


we ſhould ſuppoſe a Man to apply a 


Force equal to that of the Weight, then 
it is called a Lever. , Now in this Caſe, 
inſtead of ſaying the twe Weights are 
reciprocal to each other, we. ſay the 
Weight and the Power are reciprocal, 
So that the Effect is the ſame, but the 
Cauſe alter'd; not in Quantity, but in 
Kind. From hence it follows, that the 
Mathematical Idea of a Lever of the 
firſt Kind, is an' inflexible right Line 
ACB, one Point of which, being ſup. 
ported by a Line CM at right Angles to 
it, the two Parts of the Lever impell'd 
by a Force or Forces, deſcribe Arches 
round that Point; which is the ſame as 
the Ballance. Therefore all that has 
been provꝰd of the Ballance may be, with- 
out farther Trouble, apply'd to the Lever 
of the firſt Kind; the Line CM being 
called the Prop or Fulciment, and the 
Point C, upon which the Lever reſts, 
the fixed Point, 
5 Treks 
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Tukxk is however one thing to be ob- 


ſerv'd in Practice, which produces an 


Effect in the inclined Lever, that is not 
found in the Ballance, which it is con- 
venient to take ſome Notice of. In the 
Ballance the Weight generally acts upon 
the Arms, by pulling from below, by 
the means of one or more Strings faſ- 
ten'd to it; which meeting together in 
one Point at the Ballance, act only upon 
one Point of each Arm by the Nature of 
the Machine. But in the Uſe of a Le- 
ver, the Weight being generally faſtened 
to it, or elſe lying upon it, acts upon 
ſeveral Points of the Lever at once; and 
therefore, When we are comparing the 
Diſtances of the Weight to that of the 
Power, we muſt conſider to what Point 
the Diſtance of the Weight muſt be 
computed. For ſince the Weight is in 
ſome Part of it nearer to the fixed Point, 
as E F is nearer than D A in the Figure, 


IO 
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* | 
. hwy 
no Reaſon is afſign'd why we ſhould 
take CF rather than CA for the Di- 
ſtance, which would make our Compu- 
tation uncertain. Now, in order to de- 
termine that Matter, the Anſwer is, that 
this Diſtance muſt be taken to the Point 
V, where a Line, let fall from the Cen- 
ter of Gravity of the Weight, interſeQs 
the Leaver. But this Term of the Cen- 


ter of Gravity of a Body being new, it 
will be convenient to explain it a little, 


A 
& 


' 


Tux Center of Gravity of a Body is 
that Point round which all the other 
Parts would remain in Æquilibrio, if that 
Point only were ſupported. In homoge- 
neous Bodies the Center of Magnitude 
is the Center of Gravity. As for Ex- 
ample, if we ſuppoſe a Plate of Iron cut 

into 


Oge- 
itude 


Ex- 


n cut 
into 
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into a circular, ſquare, or triangular 
Form, and a Fine Needle ſhould be placed 
underneath it to ſupport it, in ſuch ſort 
that the Needle ſhould exactly hit the 
Center of this Circle, Square or Trian- 


gle, all the Parts of the Iron Plate will 


be ſuſpended and remain in Aquilibrio 
round that Needle ſo apply'd. So a ho- 
mogeneous Cube will remain in Æmguili- 
brio upon the Point of the fame Needle, 
if it be ſo apply'd as to touch exact ly the 
End of any Line which paſſes thro? its 
Center, and alſo to co-incide with that 
Line. A few Tryals made upon proper 
Bodies, will ſhew much better than ma- 
ny Words, that there is in all Bodies ſuch 
a Center, round which they will remain 
in &Æquilibrio, and that this is common- 
ly in or near the Center of Magnitude. 


Now Ifay, that this being admitted, 
if from he Center of Gravity of the 
Cube AD EE, there be let fall a Per- 
pendicular to V, the whole Cube A DEF 
preſſiig upon the Line AF of the Le- 
ver, wall juſt have the fame Effect in 

turning 
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turning the Lever round, as if it were 


to be hung by a String at the Point V, 
and by that Means act upon that Point 
of the Lever only. For, if we ſuppoſe 
the Leaver taken away, and inſtead there. 
of the Needle XV to be applied at V, 
by what I ſaid before, rhe Needle X V 
will ſupport the Cube. Therefore fmce 


the Needle at X V ſupports the Cube, it 


is preſs'd by the Cube with all its Weg, 


but the Line A F of the Lever is alſo 
preſs'd by the Cube with all its Weight; 
therefore that Line A E, and the Point 
V, are preſs'd with equal Preſſures; the 
Preſſure, which is diſperſed all over the 
Line A F in the firſt Caſe, being here 
united upon the Point V. But, if we 
ſhould imagine the Cube AD EE, in- 
ſtead of being ſupported by the Needle 
XV, to be ſuſpended by a String at the 
Point V, it would: ſtill have the ſame 
Effect, and the Effect of the Weight 
would be the ſame at V (X V being now 
ſuppoſed to repreſent a String) in that 
Caſe alſo, as before when it was diſper- 
ſed all over AF. By the ſame Reaſon- 


ing, 
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ing if we ſhould imagine in the Figure, 


a perpendicular inflexible Line V erec- 
ted at V, and the uppermoſt Point Z 
thereof to ſupport the Cube in like 
manner as the Needle X V did before, 
then it is plain, that the Cube preſſing 
upon this inflexible Line V Z, will by 
the Means thereof, communicate a Preſ- 
{ure at the Point V, equal to the others 
alſo. From hence the following Conclu- 
ſion naturally ariſes. 


THAT if, from the Center of Gravity 
of any Body, there be drawn a perpen- 
dicular Line, that Body will have the 
{ame Effect in any one Point of that 
Line that it will have in any other. 
From thence may be deduced theſe Pro- 
poſitions. 


THAT 
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THAT in a Lever inclined to the Ho- 


* 
* . 
LY 
: a © 0 o 
; | & 
1 a 


rizon, as in this and the following Fi- 
gure, if the Weight be faſten'd apon the 
Lever, it will require a lefs Force to ſuſ- 
tain it, when the Weight is elevated 
above the horizontal Line, - than it does | 
in a horizontal Poſition ; and on the con- ¶ th 
trary, if it be below the horizontal Line ¶ ne 
it will require a greater. For it was TD 
ſhewn, that the Diſtance of the Weight Di 
from 
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from the Prop, muſt be computed to 


Fi- that Point, where the Perpendicular 
the from the Center of Gravity of the 
ſuſ- Weight meets with the Lever. 

ited EP. 

Joes Bur it is plain by Inſpection, that in 
con- the former Caſe this Perpendicular falls 


nearer tothe Center C, than the Point V. 
Therefore by what was prov'd, as this 
Diſtance is leſs, ſo the Power requir'd 


to 
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| the firſt dun mew 


now the fixed Point, will be in reciproci 
Proportion. If in the Figure we ſup. 
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to ſuſtain. the Weight mult be leſs. And 
in the latter Caſe it is equally plain, that 
the Diſtance is greater, and therefore 
the Power muſt be greater. But if, in- 4 
ſtead of tying the Weight por the Le. | 
ver it were to be faſten'd ander it, then 
by the ſame Way of Reaſoning, the di- | 


rect contrary would happen. This | 
ſo plain from the former, and by Inſpec- 
tion of the Schemes, that for Breviry%| 
ſake I paſs it over; and only obſerve 
from both, that if there ſhould be occa- 
ſion to ſupport a Weight by a Lever 
above the horizontal Line, it is moſ 
convenient to faſten it pon the Lever, 
and if in the contrary Poſition, ander it. 
Theſe are the Properties of a Lever of 


1 
O 
P 
tl 


ot 


IN a Lact! of the ſecond and third 
Kind, there is but this thing to be demom 
{trated, that if a Power ſupport a Weight, 
their Diſtances from the End, which is 


pot 
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poſe the Line A CB to repreſenta Lever 
of this Kind, and that a Power at B ſup- 
ports a Weight at C, then I fay, that 
the Power and the Weight are to each 
W other in reciprocal Proportion of their 
6 W Diſtances as before. Let us imagine the 
nol | Lever prolong'd to D, ſo that A D be e- 
ver Aual to A C. It was ſhewn before, that 
pa . equal Velocities cauſed in equal Bodies 

FpPuſt be produc'd by equal Powers. But 
yr he Weight D equal to the Weight C, 
vin, by reaſon of its equal Diſtances from 
i We Center A, move when it is impell'd 
chico dy a Force at B with the ſame Velocity 
mom As the Weight C. Therefore the ſame 
eight Power that can ſupport D will ſupport 
uct "ie alſo. But the Line DAB is a Lever 
Procupe the firſt Kind, in which we prov'd, 
, . hat the Power B was to the Weight D, 

5 is AD to AB. Therefore ſince the 
G fame 
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ſame Power ſupports C equally, it will 
alſo be to the Weight Cas AD to AB; 
or A D being equal to AC by the Con. 
ſtruction, as AC to AB. Q. E. D. 


Tut third Kind needs not a particular 
Demonſtration, it we conſider rightly the 
M-aning of the Propoſition juſt now 
demonſtrated. The Meaning of which 
is, that if a Line ſhould have one End 
fix'd, and ſhould be capable, by means of 
a Force or Forces apply'd to it, to re- 
volve royad that Point, as A; and that 
two contrary Forces are applied to it at 
C and B, the one at C impelling the Lane 
downwards, and the other at B puſhing 
it upwards ; (that is, the Weight aCting 
at C and the Power at B) that to make 
theſe oppoſite Forces counterpoiſe each 
other, the Quantity of each Force muſt 
be in reciprocal Proportion to its Di- 
ſtance from A. This is the Lever of 
the ſecond Kind. But if we ſhould ſup- 
pole the Caſe inverted, and that at C the 
Force acts upwards and at B downwards, 
which is the Caſe of the Lever of " 

third 
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third -Kind, where the Power aQs at C, 
and the Weightat B; yet it is I think 
very plain, that tho* the Direction of 
the Forces be alter'd, their Quantity 
muſt remain the ſame in order to coun- 
terpoiſe each other, that is, the Power 
will be to the Weight in reciprocal Pro- 
portion to their Diſtances from the fixed 
Point or Fulciment A. | 


Tux fourth Kind is where the fix*d 
Point or Fulciment is at an Angle, as 


JA 


| 
» 
7 
| 
n 


ACB in the Figure. In this Caſe alſo 
the reciprocal Proportion of the Diſtance 
ſtil] holds, that is, the Power apply'd at 
A to ſupport the Weight at B, is to the 
Weight B as the Line BC to AC. 

G 2 Make 
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Make DC equal to A C, and let BC 
be to A Cor DC, as 1 to 3. Now, 
if we ſuppoſe the Weight at B to weigh 
3 Pounds, the Force A which ſupports 
B—=3 Pounds at a Diſtance C Bt, 
will ſupport 1 Pound D at a Diſtance 


C D equal to 3, as was before prov'd. 
But the Weight D is to the Weight B 
in reciprocal Proportion of the Diſtances 


BC and CD; whence it follows, that 
the Force at A at the Diſtance A C ſuf 
taining the Weight D at the Diſtance 
CD, is alſo in the ſame Proportion; 
that is, the Power at A is to the Weight 
B, as BC is to CD or AC. 


THE Sum of what we have demon- 


ſtrated above, is contained in theſe Pro- 
poſitions. 


1. THAT in all the four Kinds of Le. 
vers, when the Diſtances of the Weight 
and the Power are reciprocally propor- 
tional to'the Quantities-of their Forces; 
that is, when the Weight and Powe 
multiply*d into their Diſtances produce 

equal 
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equal Rectangles on both Sides; the 
Weight will be barely ſuſtain'd by the 
Power. Whence it follows, 


2. Tur if on the Side of the Pow- 
er, that Rectangle be never ſo little the 
greater, the Power will prevail and 
move the Weight. 


3. THaT the Diſtance from the 
Weight to the fix'd Point or Fulciment, 
is to be reckon'd from the Point of the 
Lever, which is interſected by a Perpen- 
dicular let fall from the Center of Gra- 
vity of the Weight, ſo that in an in- 
clin'd Lever the Power requilite to ſup- 
port it is in ſome Caſes leſs, and in o- 
thers more, than is neceſſary to ſupport 
the ſame Weight upon an Horizontal 
Lever ; in which the Lever differs from 
the Ballance, where the ſame Weights 
in all Poſitions whatſoever of the Bal- 
lance counterpoiſe each other, as was 
ſhewn. 


G 3 4. Tar 
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4. Tua the leaſt imaginable Power 
may ſuſtain the greateſt imaginable 
Weight, if the Length of the Lever be 
ſo divided, that the Diſtance of the 
Power from the Fulciment be as much 
greater than that of the Weight from 
the Fulciment, as the Weight is greater 
than the Power. 


5. THAT if that Diſtance be made a 
little greater than in that Proportion, it 
will not only ſuſtain but move it. But 
that 


6. Tas Weight will move proportio- 
nably flower ; the Velocities of both be- 
ing, as I have often took Notice, pro- 
portionable to the Diſtances from the 
fix d Point. 


(v7) 
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Shew'd in my Diſcourſe upon the 
Lever, that the moſt that can be 
done by human Power in ſupporting of 
Weights that are ſo great as not to be 
managed by the natural Strength of a 
Man, is to apply a Machine to thoſe 
Weights, by the Intervention of which, 
one may in ſuch a manner proportion 
the Velocity with which the Power 
moves, to that with which the Weight 
moves, that they ſhall be to each other 
in reciprocal proportion to the Quantity 
of the Power and the Weight; that is, 
that the Part of the Machine apply'd to 
the Weight may move as much flower 
than that Part of the Machine, which is 
apply'd to the Power, as the Quantity 
of the Weight exceeds the Quantity of 
the Power. I then fhew'd, how this 
may be done by the Application of a 
of Lever, by which, if a Weight be ſup- 

ported by a Power lefs in Quantity than 

it elf, the Diſtances (and confequently 
G 4 the 
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the Velocities) of each, muſt be in reci- 
procal Proportion to their Quantities. 


Bur if weconſider the Nature of the 
Lever, we ſhall find, that as upon ſome 
Occaſions it will be of Service, becauſe, 
that by the Help of it one may apply a 
ſmall Power to the ſuſtaining or moving 
a great Weight, which is of great Uſe 
upon ſeveral Occaſions of Life; ſo on 

the other hand, for ſome other Utes it 

will be of no Service at all. For Exam- 
ple, if it be requir'd to raiſe a great and 
heavy Stone ſo high from the Ground, 
that it might be ſet upon a proper Car- 
riage, in order to be tranſported to any 
Diſtance by the Help of that Carriage; 
in this Caſe the Lever will be of Service, 
becauſe that one or more of them being 
dexterouſly applied to the Stone, may 
lift it to ſo ſmall a Height as ſuch a Car- 
riage generally needs to be of, perhaps 
2 Or 3 Foot. But it it were required to 
raiſe the ſame Stone 30 or 40 Foot high, 
in this Caſe the Lever will ſignify no- 
thing. For if we ſuppoſe the Weight 
to 
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to be to the Power, only as 2 tor, a Le- 
ver ſufficient to raiſe ſuch a Weight by 
the Help of ſuch a Power to ſuch a 
Height, muſt be above 90 Foot long, 
which is ſuch an Inſtrument as can nei- 
ther be made nor manag'd in Practice. 
To ſupply this Defect, therefore, the 


Pully was invented, Which I now pro- 
pole to ſpeak of, 


Tux Pully is a round Block of Wood, 
turning round a Pin, going thro? the 
Middle of it, in the Thickneſs of which 
there is cut a Groove of ſufficient Breadth 
and Depth, to admit a Rope to run in 
it with Freedom, and without rubbing 
againſt the Sides, at leaſt as little as is 
poſſible, This is ſo common a Machine, 
and ſo generally known by the Uſe it is 


of in a Jack, that I need ſay no more by 


way of Deſcription of it. In pur Argu- 
ings concerning it, we are to fuppoſs it 
perfectly circular, to turn with all poſſi- 
ble Freedom about its Axis, which is 
ſuppoſed to have no Thickneſs, and the 
Rope made uſe of to be perfectly ſupple 


and 


: go Of the Mechanical Powers. 


and pliant, and of no Thicknefs likewiſe, 
As to its Bigneſs or Diameter, we ſhould 
ſuppoſe it as ſmall as we can, becauſe, 
tho' in Practice ſuch Pullies will not be 
ſo convenient, by reaſon of ſome out- 
ward Accidents ; yet ſince in theſe Spe- 
culations we entirely ſet aſide the Con- 
ſideration of thoſe Accidents, it will be 
moſt convenient to imagine them fo 
{mall, as to bear no ſenſible proportion 
to the Height of the Machine from the 
Ground, and alſo to have no Weight ; 
that is, ſo that we may ſet aſide the Con- 
ſideration of their Bigneſs and Weight. 


Tu Manner of applying this Machine 
is as follows. The Height to which 
the Weight is to be raiſed being deter- 
mined, there muſt be ſet up at that Height 
ſome firm Support, able to bear the whole 
Streſs both of the Weight and of the 
Power aCting upon it at once. In Prac- 


tice they make Uſe of the Sheers for this 
Purpoſe; or a ſtrong croſs Beam well 
ſupported on both Sides, when they 
would raiſe the Weight to greater 

| Heights 
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Heights than the Sheers can be convent- 


ently applied to. Then to this Beam is 
faſten'd a Pully by the Help of ſome 
Contrivance, which at the ſame time 
that it keeps it tight, and cloſe, and firm 
to the Beam, gives free Leave to the 
Pully to play about its Axis. After this 
into the Groove, that goes round the 
Thickneſs of the Pulley, they ſlide the 
Rope, which naturally hangs down looſe 
on both Sides of the Pully, and one End 
of the Rope is taken hold of by the Per- 
ſon that 1s to draw up the Weight. At 
the ſame time there is prepar*d another 
Pully below, which has a Hook, or o- 
ther proper Device to take hold of the 
Weight with, faſten'd to it in ſuch man- 
ner, as that the Pully may play freely 
zbous i its Axis, while the Hook remains 
unmoved and ſtedfaſt, by a like Contri- 
vance with that of the upper Pully. 
Then the other End of the Rope that 
hangs looſe being 'let down, is taken 
hold of by thoſe below, and put round 
the lower Pully; from wheace it is again 
carried up and faſten'd at the Top by 
| ſome 
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ſome Device to the croſs Beam. This 
Faſtening 1s made as ſure, and tight, and 


cauſe upon that Part of the Beam the 
Force and Streſs of the whole Machine 
depends. Then will the whole appear 
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as in che Figure. This being _ 


ſtrong as they can poſſibly make it, be- 


the 


Of the PuLLy. 93 


Man, that is to raiſe the Weight, pulls 
his End of the Rope with all his Force 
downwards, which increaſing the Length 
of the Rope towards him, muſt needs 
ſhorten it every-where elſe. Therefore 
the Length of the Parts of the Rope, 
from the fix'd Point to the lower Pully, 
and from the upper Pully to the lower 
Pully, being ſhorten'd, it follows, that 
the lower Pully muſt riſe, the Diſtance 
between it and the croſs Beam at top be- 
coming ſo much leſs as thoſe two Parts 
of the Rope are made ſhorter. Then 
by a ſecond Pully it is raiſed as much 
higher, and ſo on till at laſt it arrives at 
the top, carrying with it the Weight 
faſten'd to it by the Hook. 


FRO M this Deſcription, one may, 
without much Trouble, deduce the ſe- 
veral Properties of the Pully, the firſt of 
which is, that if the Power be equal 
only to half the Weight, it will ſupport 
it by the Help of this Machine. 


To 
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To prove this, I muſt penis by Way 
of Preparation, an Axiom or Law of 
Nature, relating to the Communication 
of Motion, which I have not yet taken 
Notice of, which is, 


THAT in Bodies acting upon each o. 
ther, the Body acted upon doth commu- 
nicate to that which acts upon it a Re- 
action, which is contrary and equal to 
the Action of the other Body upon it ſelf; 
that is, to expreſs my ſelf more univer- 
fally and conciſely, that Action and Re- 
action are contrary and equal to each 
other. 


To explain this a little. If a Man 
preſſes with his Finger upon a Stone; 
the Stone by Re- action preſſes equally 
upon his Finger. If a Maa is drivinga 
Nai! into a Piece of Timber with a Ham- 
mer, the Nail acts upon the Hammer by 
driving it back, as much as the Hammer 
acts upon the Nail in driving it forwards. 
It a Man be pulling a Stone towards 

him 
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him ads means of a Rope faſten'd to it, 
he is by the Re- action pull'd as much 
of backwards towards the Stone, as the 
Stone is pull'd forwards towards him, 


7 If a Weight be ſuſpended by a Rope 
from a Beam, it acts upon that Part of 
the Beam it is ſuſpended from, pulling it 
„ downwards, with a Force equal to its 
= Weight. But then the Beam ſhall by its 


Re- action pull the Weight upwards from 
above, exactly as much as it ſelf is pul- 


if ted downwards by the Weight from be- 
low. 

er- 

I To apply this : The Weight hanging 


from the lower Pully in the Machine be- 
fore deſcribed acts upon the two Strings 
oa each Side, each of which for that 
Reaſon muſt ſuſtain half the Weight on- 
ly. Therefore the Weight tends to pull 
Part of the String DCE over the Pully 
at C, with a Force equal to that of half 
its Weight; but we ſuppoſed the Power 
pulling at E in a contrary Direction to 
be equal to half the Weight ; therefore 
theſe two Forces being equal, will ſuſ- 

tain 
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tain each other mutually. The other 
half of the Weight acts upon the String 
A B, pulling it downwards, but by the 
Law of Re- action it will be pulPd up- 
wards by an equal Force; therefore on 
that Side alſo, it will be kept ſuſpended 
by a Force equal to that with which it 
endeavours to deſcend. Hence it fol- 
lows, 


1. TnaT if we ſuppoſe the Machine 
to be alter'd,: and the fix'd Point A being 
remov'd, a ſecond upper Pully to be 
placed in its room ; and that the String 
BA were ſo lengthen'd, as that it might 
be thrown over this ſecond upper Pully 
and hang down to F; and that a new 
Force equal to half the Weight ſhould 
be apply'd at F pulling the String AF 
downwards; it will follow that this 
new Force will be equal to that, by 
which the fix'd Point A ſuſtains its 
Share of the Weight. For the Force, 
by which the fix'd Point A ſuſtains the 
Weight, is equal, by the Law of Action 
and Re· action, to that with which the 

Weight 
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Weight acts upon zt 5 but by what was 
ſaid before, the Weight acts upon it 
with half its Force; therefore the Force 
of the Point A in ſuſtaining the Weight 
is equal to half the Weight. But this 
new Force, acting by this new Pully, is 
equal to half the Weight; therefore it 
is equal to the Force of the Point A. 
From hence we conclude, ſuppoſing this 
new Pully to be now remov'd. 


15 ˙ A ˙·.Ä ¶ 7 


2. THA the String AB, and the 
String C D, are equally ſtrain'd by the 
Actions of the Weight, and Power, and 

fix d Point upon them. For the Weight 
{trains each of them with a Force equal 
to half its Weight ; and the Power, and 
tix'd Point on their Side, ftrain them 
equally, with Forces ſeverally equal to 
half the Weight ; therefore being ſtrain- 
ed by equal Forces, they mult be equal 
ly trained. 


3. Tax Power will be to the Weight, 
as Unity to the Number of Strings ap- 
ply'd to the lower Pullies ; that is, in 

H this 
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this Caſe as 1 to2; the Number of 
Strings apply'd to a ſingle lower Pully 
being 2, as is plain by Inſpection. But 
the Power was ſhewn to be to the 
Weight as 1 to 2 ; therefore as Unity to 
the Number of Strings. 


4. Ir the Number of upper and low- 
er Pullies ſhould be increaſed, theſe Pro- 
politions will remain true in like Man- 
ner as before. 


TRE moſt ſimple Way of conceiving 
this done, is by ſuppoſing the lower 
Pullies to be faſten'd upon a crofs Piece, 
and the Weight to be hung exactly in 
the Center of Gravity of this croſs Piece 
and of the Pullies taken together, by a 
Hook, as in the following Figure. 
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Ir we then ſuppoſe the former Weight 
hung upon this Machine, it plainly fol- 
lows, that the Weight acting upon rhe 
croſs Piece pulls it, and by that Means 
the Pullics faſten'd to it. Now in this 
Caſe the Weight which before ated up- 
on one lower Pully only, is here divided 
into 3 equal Parts: Therefore each low- 
er Pully is acted upon but with one 
third of the Weight. And ſince there 
are two Strings to each lower Pully, 
the Action of each of thoſe third Parts, 
will by what is prov'd before, be divi- 
ded again into two other equal Parts, 
each of which will be ſuſtain'd by each 
String: Therefore every String will 
ſuſtain one half of one third, that is, a 
ſixth Part of the Weight. Therefore 
the String AB, which is next to the 
Power, is acted upon by only a ſixth 
Part of the Weight, which for that rea- 
ſon will be ſuſtain'd by a Power equal 
to a ſixth Part of the Weight. And it 
is plain from the ſame Reaſoning, that 
this will be the Caſe, let the Number of 
Pullies be never ſo great. AND 
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AN » the Reaſon of this will appear, 
if we conſider ſomething nearer the 
Make of this Machine. For by the 
Nature of it, the Weight acting upon 
the String K I, tends to pull that String 
downwards, from the Pully between I 
and G, and by that Means to make the 
| ſeveral Parts of it to deſcend towards 
the Point K. But if any Point thereof, 
as a, deſcends, it muſt make the Point 6 
in the String G H to aſcend. But by 
the Nature of the Machine, all the 
Strings are pull'd downwards equally, 
and therefore the Point < tends to de- 
ſcend with the ſame Force as à does; 
for which Reaſon, neither can one de- 
ſcend nor the other aſcend. Therefore 
thoſe two Parts of the Weight, that are 
ſupported by the Strings IK and G H, 
are not at all ſuſtain'd by the Power, 
but by their mutual Counterpoiſe; that 
Part of the Weight that acts at K be- 
ing ſupported by the String G H, and 
that Part that acts at H by the String 
I K, acting with equal Forces contrary 

H 3 ways. 
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ways. In this Caſe, the horizontal Di- 
ameter of the Pully I G may be conſi- 
der'd as a Ballance or Lever, in which 
the two Arms are equally diſtant from 
the Center, and two equal Forces pull 
thoſe two equal Arms downwards, in 
which Caſe it was ſhewn before, that 
theſe two Forces would mutually ſup- 
port each other. 


And by the ſame Manner of arguing, 
one might ſhew, that the two Parts of 
the Weight acting upon E F and C D, 
ſupport each other mutually. Now, 
here being four Parts of the Weight 
out of the ſix, which, as we have ſhewn, 
ſupport each other, 'it follows, that we 
have but two to provide Forces for. 


But the Part of the Weight applied to 


L M, is ſupported by the fix'd Point at 
L, with a Force equal to that with 
which it acts upon L, by the Law of 
Action and Re- action mention'd before, 
So that all the Weight the Power has 
to ſupport by its own Strength, is that 
fingle Part only that acts upon AB, 

| | which 
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which being a ſixth Part of the Weight, 
it is plain, that a Power equal to a 
ſixth Part of the Weight, will be ſuffi- 


cient for that Purpoſe as was fhewn 
before. 


I Have dwelt the longer upon this, 
becauſe there is ſomewhat particularly 
ſubtle and worthy Obſervation in the 
Contrivance of this Machine, wherein 
ſo great a Part of the Weight ſupported 
by it is thrown off from the Power, and 
made as it were to ſupport it ſelf. 


Fxom hence it follows, as before, 


1. THAT the Strings are equally 
ſtrain'd, being pull'd by equal Forces. 
For in this Caſe we ſhew'd that each 
String is ſtraind by a ſixth Part of the 
Weight, therefore equally. | 


2. THAT the Power is to the Weight, 
as Unity to the Number of Strings ap- 
plied to the lower Pullies; for, as appears 
by Inſpection, the Number of thoſe 

H 4 Strings 
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Strings is 6, and it was ſhewn, that 
the Power is to the Weight as 1 to 6. 
And that this will be the Caſe when the 
Number of Pullies is-greater, there can 
be no Pretence of Reaſon to doubt. 


3. SINCE the Power that only /up- 
ports a Weight by the Help of Pullies, 
muſt be to the Weight as Unity to the 
Number of Strings applied to the lower 
Pullies, it follows, that a Power, that 
moves a Weight by the Help of Pullies, 
muſt be in a greater Proportion to the 
Weight, than that of the Unity to the 
Number of Strings ; becauſe a Power 
that moves, muſt be greater than that 
which barely ſupports, And by how 
much the Quantity of the Power ex- 
ceeds this Proportion, with ſo much 
the greater Velocity, it will cauſe the 


Point. 


4. THAT in this Aſcent the ſeveral 
Parts of the Strings will move with a 
Velocity, reciprocally proportional to 

their 


Weight to aſcend towards the fix'd 
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their Diſtance from the Hand or other 
Power that draws them over the laſt 
Pully. For the entire Cord going 
round the Set of Pullies is, in truth, 
no more than a flexible Lever of the 
ſecond Kind, in which the Prop is at 
the fixed Point L, the Weight is dif- 
perſed into three different Parts in the 
Middle of the Lever, and the Power 
is at the End. 


5. THAT by this Inſtrument alſo one 
may move the greateſt imaginable 
Weight, with the leaſt imaginable Pow- 
er, by increaſing the Number of Pul- 
lies, ſo as that the Number of Strings 
apply'd to the lower Pullies, may be to 
Unity, as the Weight to the Power. 
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Of the Wu RL and Ax LE, ſome- 
times called the Axis in Peri- 
trochio. 


| H E Wheel and Axle has all the 

1 Advantages belonging to the Pul. 
ly, with ſome peculiar to it ſel, It 
may not unfitly be divided into two 7 
Kinds, ſimple and compound. 


Tu k Simple conſiſts of two Cylin- 
ders, having one common Axis, but 
unequal Baſes. That with the larger W — 
Baſe is called the Wheel, and the other 4 
the Axle. So in the engraved Figure, 
the Cylinder, whoſe Baſe is A B, is cal- 
led the Wheel, and the Cylinder, whoſe WM . 
Baſe is C D, is called the Axle. In , 
Practice, their Baſes and Altitudes are 
generally ſo proportionated to each 
other, that the Altitude of the Wheel is 
leſs than the Diameter of its Baſe ; and 
on the contrary, the Altitude of the 
Axle exceeds the Diameter of its Baſe. 


THE 
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Taz Manner of uſing this Machine 
is as follows. The two Ends of the 
Axle, being ſo ſupported in an horizontal 
Situation, that the whole Machine may 
freely revolve about the common Axis 
of the Wheel and Axle ; the Wheel, by 
ſome outward Force applied to it, is 
made to turn round, which obliges the 
Axle to turn round likewiſe. This is 
ſometimes done by Means of a Rope 
going round the Wheel, and faſten'd to 
ſome Place in its Circumference; ſome- 
times by Men walking within it, as in 
the ordinary Cranes uſed for lifting and 
removing Goods; which are only Ap- 
plications of this Power. Another Rope 
is alſo faſten'd about the Axle, in ſach 
a Manner as to wind it ſelf round it, 
while it revolves by means of the Force 
applied to the Wheel. That End of the 
Rope which hangs down 1s faſten'd to 
an Hook or other Device, by which it 
takes hold of the Weight. Then the 
Force acting upon the Wheel, makes 
both the Wheel and Axle turn round ; 
and the Rope faſten'd to the Axle, wind- 
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ing it ſelf about it by that means, muſt 
neceſſarily pull up the Weight ; the Por- 
tion of Rope between the Machine and. 
the Weight, continually growing ſhor- 
ter and ſhorter, by reaſon of its wind- 
ing it ſelf about the Axle as faſt as the 
Wheel turns round. Therefore the 
Weight muſt aſcend continually towards 
the Machine, till ſuch time as the whole 
Rope being wound about the Axle, it is 
made to riſe as high as the Force that 
acts upon it. 


Fxom this Deſcription of the Ma- 
chine and its Uſe, we may obſerve, Firſt, 
that here are two contrary Forces acting 
in Oppoſition to each other; one where- 
of, that is the Weight, tends to make 
the Machine revolve one way; and the 
other, that is the Power, tends to make 
it revolve another way. Secondly, that 
theſe Forces act at different Diſtances 
from the Axis, or immoveable Line, 
round which the Machine turns ; name- 
ly, the Weight at a Diſtance equal to 
the Radius of the Axle ; and the Power 
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at a Diſtance equal to the Radius of the 
Wheel. Now this anſwers to a Lever 
of the ſecond Kind, where the fixed 
Point is at the End of the Lever, and 


the Weight between the Power and the 


fixed Point. Therefore what was diſco- 
vered and ſhewn under that Head rela- 
ting to ſuch a Lever, may be alſo applied 
to this Machine, expreſſing the Diſ- 
tance of the Weight by the Radius of 
the Axle, and the Diſtance of the Pow- 
er by the Radius of the Wheel. 


Now it was there found, that where 
the Diſtance of the Weight and the 
Power from the fix'd Point are recipro- 
cally proportional to their ſeveral Quan- 
tities, the Weight would be ſuſtained by 
the Power; and from thence it was con- 
cluded, that if either the Quantity, or 
the Diſtance of the Power, exceed that 
Proportion, it would be ſufficient, not 
only to ſuſtain, but to move it. Hence 
it follows, 
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1. THAT if in this Machine the Ra- 
dius of the Axle be as much leſs than 
the Radius of the Wheel, as the Weight 
is greater than the Power, the Power 
will ſupport the Weight; that is, if the 
Radius of the Axle be as 1, and the Ra- 
dius of the Wheel as 3; and if the 
Weight be as 3, and the Power as 1, 
that then the Power will /#ppor? the 
Weight. And therefore, that if either 
the Quantity of the Power, or the Ra- 
dius of the Wheel be greater than 1n 
this Proportion, the Power will move 
the Weight. It was alſo inferr'd, that 


the leaſt imaginable Power, might ſuſ- 


tain the greateſt imaginable Weight, it 
the Diſtance of the Weight from the 
fix'd Point were as much leſs than the 
Diſtance of the Power from that Point, 


as the Power is leſs than the Weight; 


and it that Diſtance of the Weight be 
ftall leſs, it would move it. Hence we 
conclude, 2. That in the Wheel and 
Axle, if the Radius of the Wheel exceed 
the Radius of the Axle, as much as the 


Weight 
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Weight exceeds the Power, that with 
this Machine allo, the leaſt imaginable 
Power may ſuſtain the greateſt imagina- 
ble Weight; or it the Exceſs be fill 


greater than in that Proportion, it will 
alſo move it. 


From what has been ſaid, it appears, 
that by increaſing the Radius of the 
Wheel, in proportion to the Radius of 
the Axk, one may by the Help of this 
ſimple Machine alone remove as great 
Weights as uſually come in the way in 
common Life; only diminiſhing the Ra- 
dius of the Axle, or increaſing that of 
the Wheel, in ſuch a Manner, that theſe 
Radii may bear the ſame Proportion to 
each other reciprocally, as the Power 
and Weight do. 


B u T when we come to apply this 
Speculation to Practice, it will be found, 
that if the Weight exceed the Power 
very much, one of theſe phyſical Hin- 
drances will happen: Either the Axle 
muſt be made ſo ſlender as not to be 
able 
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o 


able to ſupport the Weight, or the Ra- 
dius of the Wheel muſt be ſo large, as 
many times it will be impoſſible to 
make or manage ſuch a Machine as 


would be neceſlary. 


Now, to ſupply this Defect, the com- 
pound Wheel (if I may ſo call it) was 
invented. The Contrivance is aſter 
this Manner: The Axle being made of 


ſufficient Strength and Thickneſs to ſup- 


port the Weight, the Wheel belonging 
to it is made of ſuch a Radius as they 
find moſt convenient, and the Circum- 
ference of the Wheel is cut into Teeth, 
as in the ſecond Figure. Then either 
above or below (it matters not which) 
there is placed a leſſer Wheel cut into 
Teeth of equal Bigneſs, or rather a 
{mall matter leſs than thoſe in the large 
Wheel. This leſſer Wheel is called a 
Pinion. This Pinion is alſo faſten'd to 
another Axle, and ſo placed, that the 
Teeth of the Wheel and Pinion may 
take hold of each other, as they both 
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Axle is faſtened another large Wheel, 
whoſe Circumference is divided into 
Teeth like the former; and under it is 
placed a ſecond Pinion faften'd to ano- 
ther Axle. At the other End is faſten'd 
another large Wheel, to which the Force 
that turns the whole Machine is to be 
applied. All this is ſhewn in the Fi- 
gure. One may, if there be Occaſion, 
multiply the Number of the Piniotis 
and Wheels ſtill farther; but as the Me- 
thod is exactly the ſame, it will be to no 
purpoſe to ſpend Words in carrying on 
the Deſcription farther. Now by this 
Means the ſame Effect is produced, as 
it the Radius of the firſt Wheel had been 
increaſed; and it is very plain, it is done 
much more eafily and conveniently. 
How this comes to paſs, I ſhall now 
proceed to explain. | 


SUyrPOSE it were required with a 
Power equal to 40 Pounds, to ſuſtain a 
Weight of 4720 Pounds, which is to the 
Power as 108 to 1. Suppoſe alſo, that 
ag Axle made of proper Materials, of 4 

I Inches 
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Inches Radius, that is, of 8 Inches Dia- 
meter, were juſt able to ſupport ſuch a 
Weight without breaking. Now if we 
make uſe of the fimple Machine to ſuſ- 
tain this given Weight, with this given 
Power, we ſhall find that it will require 
to an Axle of 9 Inches Diameter, a 
Wheel of 72 Foot in Diameter to ſuſtain 
the Weight. But ſuch a Machine is mul 
impoſſible to be made, or to be man«-'MI pron 
ged by ſuch a Power. Therefore the Wl app! 


compound Wheel mult be uſed. | the 


To demonſtrate its Effect, I muſt 
premiſe, what I prov'd before i in gene- 
ral, and confirm'd by the Examples of 
thoſe mechanical Powers I have treated 
of hitherto, vig. That where the Quan- 
tity. of a Power, and the Velocity with 
which it moves, multiply'd into each 
other, produce a Rectangle or Product 
equal to that of a Weight multiply'd to ihe \ 
its Velocity, the Power and the Weight befor 
will be in Aquilibrio. That is, if a Ne V 
Power be t, and its Velocity —20; Ie th. 
and a Weight be =20, and its Velo- 0 4, 
city 
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city , this Power and Weight will 
mutually ſupport each other; the Rec- 
tangle on each Side being 550. There- 
fore if I prove, that the Velocity of the 
Power may by the Help of this com- 
pound Wheel 1 ſo increaſed, as when 
multiply'd into the Quantity thereof, to 
be equal to the Velocity of the Weight 


multiply'd into its Quantity, I ſhall have 


prov'd at the fame time, that this Power 


apply'd to this Machine will — 


the ee, 


LET the uppermoſt Wheel be called 


A, the Pinion under it B, the ſecond 
Wheel C, the ſecond Pinion D, and the 


third Wheel E. Let the Wheel A be 


12 Inches Radius, that is, 2 Foot Dia- 
meter, and let the Axle be, as was ſaid 
before, 4 Inches Radius. Imagine the 


Power apply'd at the Circumference of 


the Wheel A, and by what was ſhewa 


defore, its Velocity will be to that of 
the Weight, as the Radius of the Wheel 
to the Radius of the Axle, that is, as 12 
to 4, that is, as 3 to 1. Let us now ima- 

* gine 


_ 
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gine the Radius of the Pinion B under 
it to be 2 Inches, and the Number 
of its Teeth —=12, and thoſe of the 
Wheel A —72, that is, as their ſeveral 
Radii, that is, as 2 to 12, that is, as 1 
to 6. Let the Wheel C be equal in 
Radius, and in Number of Teeth to the 
Wheel A. We are now to ſuppoſe the 
Power applied at the Circumference of 
this Wheel C, and to find its Velocity 
there. Now the Weight being ſuppoſed 
to act upon the Axle of the Wheel A, 
makes the Circumference of that Wheel 
revolve with a Velocity that is to its 
own, as 3 to 1. As its Teerh go round 
they catch ſucceſſively upon thoſe of 
the Pinion B, and make the Pinion go 
round with a Velocity equal to their 
own; that is, 3 times. faſter than the 
Weight; for the Teeth catching upon 
each other, can move neither {wifter 
nor {lower than each other. The Pinion 
B in going round, makes its Axle and the 
Wheel C go round likewiſe. But the 
Radius of- the Wheel C being to that of 
the Pinion B, as 6 to 1, the Velocity of 
its 
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its Circumference, and therefore of the 
Power ſuppoſed to be apply'd there, 
will be to that of the Pinion B, as 6 to x 
alſo. But the Pinion B is 3 times ſwif- . 
ter than the Weight, therefore the Velo- 
city of the Power at the Wheel C, be- 
ing 6 times greater than that, muſt be 
18 times greater than that of the Weight. 
Suppoſe, laſtly, the Power apply'd at 
the Circumference of theWheel E. This 
Wheel having no Pinion to take hold of, 
has no Teeth, but is made like that in 
the ſimple Machine with a Rope, or 
other Addition, for the Power to move 
it by. Let the Pinion D be equal in 
Radius, and in Number of Teeth to the 
Pinion B, and let the Radius of the 
Wheel E be equal to that of the Wheels 
C and A. Then by what was ſhewn 
before, the Teeth of the Wheel C, tak - 
ing hold on thoſe of the Pinion D, make 
that Pinion turn round with a Velocity 
equal to their own. That Pinion turn- 
ing round, makes the Wheel E turn 
round alſo with a Velocity, that 1s, at 
the Circumference, as the Radius of the 

1 Wheel 


| 
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Wheel to the Radius of the Pinion, that 
is, as 6 to 1. But the Velocity of the Pi. a 
nion D is 18 times greater than that of the 
the Weight, as was ſhewn before; there. by 
fore the Velocity of the Power at the dor 
Circumference of the Wheel E, being 6 V 
times greater than that, will be to that I and 
of the Weight, as 6 X 18 to 1, that is, 

as 108 to 1. Therefore the Power, 3 
whoſe Quantity is as 1, has a Velocity i 
as 108; and the Weight, whoſe Quanti- 
ty is as 108, has a Velocity only as 1. 
Therefore this Power, and this Weight 
multiply'd ſeverally into their Quantities 
and Velocities, produce equal Rec- 
tangles ; therefore they will mutually 
ſupport each other. Q. E. D. 


Fxom hence it is eaſy to obſerve, 
1. The vaſt Convenience of this com. 
pound Machine, which within a ſmall 
Compaſs, performs the ſame Thing as 
would have required a ſingle Wheel of | II 


72 Foot Diameter, ther 


2. Ta: may 
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a. 
* 


2. Tuk vaſt Advantage it has over 
che Pully in the ſmall Space taken up 

by the Machine; the ſame Thing being 
e done with 3 Wheels and 2 Pinions, as 
; BY would have required 108 n upper 
and lower. 
S, 


r 3. Taar the Velocity of the Weight 
y to that of the Power in a Proportion 
. compounded of the Proportion of the 
. Radius of the uppermoſt Axle, to that 
of the Wheel A, into that of rhe Pinion 
B to the Wheel C, multiply*dinto that of 
the Pinion D to the Wheel E. This laſt 
Corollary is of great Uſe, for all the 
Contrivance of Clocks and Watches de- 
pends thereon; but the Importance of 
the Subject requires that it ſhould have 
a particular Conſideration, too long to 
be entered upon here. 


Trost who are deſirous to be far- 
ther informed concerning the Applicati- 
on of this Corollary to thoſe Machines, 
may find Satisfaction in a little Treatiſe, 
3-4 + _ called, 


- ST a 
» — 1 - 
- - 2 — — 
— 


120 Of the Mechanical Powers. 


called, The Artificial Clock-maker, pub- 
liſh'd ſome time ago. | 


SOMETIMES. in Practice they find it 


more convenient to join a Winch, as 
WI, inſtead of a Wheel, to that Axle 


which impreſſes the Motion on all the 
reſt, as in the Figure. If that Length 


WI be equal to the Radius of the 


Wheel E, its Effect will be the very 


ſame, as that of the Wheel; if greater 


or leſs than that Radius, its Effect wil 
be proportionably greater or leſs; it be- 
ing the very ſame Machine under a 
different Form. 


(121) 


Of the IN CLINED PLAN ;. 


COmeTIMEs the Weight that is to he 
LIP moved is of the Figure of a Sphere 
or Cylinder, or elſe can be convenient- 
ly fixed to ſome proper Machine, by 
the Help of which, it may roll forwards 
upon a Plane, when that Machine is im- 
pelled by an outward Force. In that 
Caſe, to raiſe the Weight to a given 
Height, the inclined Plane may be made 
ule of. The Meaning of this hard Word 
amounts in Practice to no more than 
this; that if a Man has occaſion to ſet 
a Weight upon an Eminence, and the 
Weight be ſo great, that he can't lift it 
by his natural Strength, he will take a 
long ſtout Plank, or ſomething equiva- 
lent thereto, and ſetting it ſloping, puſh 
the Weight before him up the Plank to 
the Place he deſigns to ſet it in; and 
ſuch a Plank or other Contrivance like 
it, is what the Mathematicians call an 
Inclined Plane. Now, *tis evident, that 
the ſhorter this Inclined Plane is, the 

YE ny ſteeper 
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ſteeper is the Aſcent ; and the longer the 
Plane is, the Aſcent muſt be the eaſter, 
It is plain alſo, that it is much eaſier to 
puſh a rolling Weight up a Hill that riſes 
gently, than up a Hill that is very ſteep. 
This is univerſally known in general ; 
but the exact Proportion of the Weight 
to the Power at any Degree of Inclina- 
tion or Slope, and the moſt convenient 
Manner of applying the Power thereto, 
are Matters of Geometrical Speculation, 
We muſt ſuppoſe in all Caſes, that the 
Inclined Plane is perfectly even, ſmooth 
and hard, ſo that the Weight may not 
ſink into it, nor be diſturbed in its Mo- 
tion upwards by any outward Cauſe. 


Tux firſt Thing to be found is, what 
thoſe different Forces are, with which 
the ſame Weight will deſcend at different 


Degrees of Inclination. Let the Weight 
F be rolling down the Plane E ADC 


in t 
quir 
it w 
roll; 
der 
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in the Figure, it is plain, that it will re- 
quire a greater Force to ſuſtain it, than 
it would do, if the ſame Weight were 
rolling down the Plane e a dc. In or- 
der then to find exactly the Proportion 
of theſe Forces, let us ſuppoſe the right- 
angled Triangle A CB to repreſent the 
Prim EAD CB, and let the Hypothe- 
nuſe A C repreſent the Plane E A DC 
of that Priſm, Let the Weight F be 

rolling 
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rolling down the Side A C; and from 
the Center of the Weight, let there paſs 
a String F G parallel to A C, faſtened to 
the Arm G H of the Ballance GHIK. 


Then the Force, with which the Weight 


by Means of this String pulls that Arm 
of the Ballance, will be equal to the 
Force with which it tends to deſcend 
along the Line A C. Let the ſame, or 
an equal Weight, be ſuppoſed to hang at 
P in a perpendicular Situation. 'Then 
by what was ſhew'd, p. 30, 31, the 
Force with which the Arm GH is pul- 
led obliquely from F by the Weighr, 1s 
to the Force, with which the ſame Arm 
is pulled by the ſame Weight perpendi- 
cularly from P, as the Line GO is to 
F G, that is, as the Sine of the Angle 
GFO is to Radius. But the Angle 
G FO is equal to the. Angle A CB, the 
Angle of the Inclination of the Plane 
to the Horizon. Therefore the Force, 
with which the Weight pulls the Ba! 
lance from F; or which is the ſame 


thing with which it tends to deſcend 


from A to C, will be to its whole Weight, 


| as 
, 
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as the Sine of the Angle of the Inclina- 
tion of the Plane to the Horizon, is to 
Radius. But the Force, with which it 


tends to deſcend, being equal to a Force 


able to ſuſtain it, therefore it will follow 


THAT a Force, which ſupports a 
Weight upon an inclined Plane, will be 
to the Weight, as the Sine of the Angle 
of Inclination of the Plane, is to Radius. 


B ur this is upon the Suppoſition that 
the Power is applied in the moſt advan- 
tageous Manner; that is, in a Line pa- 
rallel to C A. But there being other 
Manners of applying the Power, it will 
be proper in the ſecond place to conſi- 
der their different Effects. For tho? eve- 
ry Man, no doubt, would chuſe to ap- 
ply a Power in the moſt advantageous 
Manner, and therefore it ſeems to little 
Purpoſe to enquire into the Nature of 
thoſe other Applications ; yet, becauſe 
it is neceſſary to omit nothing that re- 


lates 
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lates to the Subject, they muſt be conſi. 
der'd in their Turn. 


To this e a Power ap- 
plied along the Line of Direction D E 


in the Figure, to the Weight at E, per- 
pendicular to the Line A B. I ſay, that 
a Power fo applied, would have no Ef- 
fect at all upon the Weight. For the 
Weight deſcending from A toC, moves 
in a Direction parallel to the Line AB, 
deſcribing with its Center the Line FG. T 
If the Power was applied therefore from HE, 
F to G, it would have the greateſt Ef- appl; 
fe poſſible, either to ſuſtain it, or to I he ] 

retard 


r 


RO 8 - 
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retard its Motion ; becauſe, as has been 
ſhewn before, a Force applied to a Body 
in the Line of Direction in which it 
moves, will have the greateſt Effe&t poſ- 
fible upon it. And on the contrary, if 
the ſame Power were applied the con- 
trary Way from G to E, it would acce- 
lerate its Motion downwards the moſt 
that is poſſible. Therefore ſince the 
Power applied in one Direction drives 
the Weight up, and applied in the other 
Direction, drives it down; it follows, 
that in the intermediate Direction, which 
is DE, it will neither drive it up nor 
down; that is, it will have no Effect 
at all. 


Hgxck we may determine the Effect 
of an oblique Force as HE, which is 
neither parallel to the Plane as F G, nor 
perpendicular to it as D E. 


Trx Force applied in the Direction 
HE, being ſuppoſed equal to the Force 
applied at F in the Direction F G, let 
the Line H E be made equal to FE. 


Draw 
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Draw H K perpendicular to DE, cut- 
ing DE in K. Then. will the Force 
H E be reſolved into two Forces, H K 
and K E. The Force KE being per- 
pendicular to the Plane, or, which is the 
ſame thing, to F G, will by what was 
Juſt now ſhewn, have no Effect at all. 

The Force H K being parallel to the 
Plane, or to F G, ſupports the Weight; 
and by what has been ſhewn before, 
the Force HK is to the Force HE, as 
the Line H K is to the Line HE or FE. 
But HK is to HB, as the Sine Comple- 
ment of the Angle K HE, or, which is 
the ſame, of the Angle HE E, to Ra- 
dius. Now, the Angle HE F is the 
Angle in which the Line of Direction 
of the oblique Force H E is inclined to 
the Plane, or to FG. That Angle is 
called the Angle of Application. There- 
fore the Effect of the Force applied in 
the Direction H E, that is, — wn An- 
gle of Application: i is HEF, will be to 
the Effect of the ſame Force, in the 
Direction FG parallel to the Plane, 


as the Sine Complement of the Angle 
of 
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of Application to Radius. And ſo in 
general, the Effects of ſuch oblique 
Forces will be as the Sine Complement 
of the _ of Application. 


ANOTHER Thiag convenient to be 
known relating to the Inclined Plane, 
is the Quantity of the Preſſure of the 
; W Weight upon the Plane. For tho? we 


„y, that the Weight is ſuſtain'd by 


the Power; yet that is not to be under- 
„ſtood ſtrictly, as if the whole Weight 
„ preſs'd upon the Power, but only that 
is the Power keeps the Weight from rolling 
don the Plane. The entire Weight is 
ſuſtained, partly by the Power, and 
partly by the Plane; and ſo much 
Weight, as is ſuſtain'd by the Plane, the 
Power is eaſed of The leſs the Angle 
of Inclination of the Plane is, the leſs 
Weight is ſuſtained by the Power, and 
the more by the Plane. And ſo on the 
contrary. What we have now to do, 
therefore, is to find a general Rule, for 
knowing what Part of the Weight is 
ſupported by each. 


K SUPPOSE 
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SureosE then a Plane DE at right 
Angles to AC to be ſet before the 
Weight, and to keep it from rolling 
downwards. The Preſſure of the 
Weight upon the Plane DE, will be as 


the Force with which it tends to deſcend, 


A 


E 


I 
| 


F 


Sy 
5 


D JH 


| 


4414 Aa 


Now, that Force was ſhewn above to 
be to that of the whole Weight, as the 
Sine of the Angle of Inclination of the 
Plane A C to Radius. But fince the 
Plane DE ſuſtains only a Preſſure of Ir 
that Part of the Weight which is in that 
Proportion to the whole; it follows 


that the Remainder muſt be fuſtained 
by 
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by the other Plane AC or AD. There- 

fare ſince the wholg Weight is as Radi- 
us, and that of it which preſſes upon the 
Plane DE, as the Sine of the Angle of 
> MW ſnclination of the Plane AC, it follows, 
s chat the Remainder of the Weight preſ- 
ſing upon the Plane DA, will be as the 
Sine of the Complement to 300 of that 
Angle. For if the Plane D A were ta- 
ken away, and the Weight were to be 
ſuſtained by a Power applied in the Di- 
rection V F parallel to D E, that Power 
would be as the Preſſure of the Weight 
upon D A. But that Power would be, 
by what was ſhewn before, as the Sine 
of the Angle EHC, which is equal to 
the Complement to 90 of the Angle of 
Inclination D CB or ACB. But the 
Preſſure being as that Power, will be 
alſo, as the Sine of the Complement = 
to 900 of the Angle of Inclination. 


IT may not be amiſs from what has 
been faid, to deduce the Proportion of 
the different Impulſes made upon Sur- 
laces at any given Degree of Inclination, 

K 2 by 
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by moving Bodies impinging on thoſe 
Surfaces. In the Figure, let two equal Bo- 


dies B and A move along the right Lines 
BE and AE with equal Velocities, and 
let it be required to aſſign the different 
Quantity of Percuſſion of each of them 
upon the Arm of the Ballance E CD. 
From any Point of A E, as F, let fall 
Perpendicular to H; then will the Force 
AE be divided into two, F H and 
HE; whereof F H being parallel to cont 
ECD has no Effect. at all, but H E be 

ing perpendicular thereto, has the ſame} 1. 
Effect as the oblique Force FE. There Wei; 


fore, by what has been ſhewn before, 3 *© th 
the Line H E to the. Line F E, ſo is th of Ir 
Effect of the oblique Force to that off Whe 


th 
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the perpendicular Force. But moreover, 
as HE to FE, ſo is the Sine of the 
Angle HFE to Radius. But the Angle 
HF E is equal to the Angle FEC, 
which is called the Angle of Incidence. 
Therefore, as HE to F E, ſo is the Sine 
of the Angle of Incidence to Radius. 
But the Effect of the oblique Force, is 
to that of the Perpendicular, as HE to 
FE; therefore, as the Sine of the An- 
gle of Incidence to Radius. Hence we 
gather univerſally, that the Force of 
Percuſſion, or Impulſe of a Body in 
Motion impinging on any Surface, is as 
the Sine of the Angle of Incidence, 
ceterts paribus. 


Taz Sum of what has been ſaid, is 
contained in theſe Propoſitions. 


1. THaT a Force, which ſuſtains a 
Weight upon the Inclined Plane, will be 
to the Weight, as the Sine of the Angle 
of Inclination of the Plane to Radius. 
at off Whence it follows, that if the Power be 
th greater than in that Proportion, it will 
K 3 | not 
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not only ſuſtain, but move the Weight 


upwards. Therefore, by the Help of 


the Inclined Plane, one may ſuſtain the 
greateſt imaginable Weight, with the 
leaſt imaginable Power, by diminiſhing 
the Angle of Inclination, ſo that the 
Weight may be to the Power, as Radius 
to the Sine of the Angle of Inclination; 
and by inercaling the Power a little 
more than in that Proportion, one may 
not only ſuſtain, but move it. 


2. THAT the moſt advantageous Way 
of applying the Power, is in a Line of 
Direction parallel to the Inclined Plane; 
and that the Effect of the Power in any 
other Direction will be to the former, 
as the Sine-Complement of the Angle 
of Application to Radius. 


3. THaT the Preſſure of the Weight 
upon the Inclined Plane, is as the Sine 
of the Complement to 90 of the Angle 
of Inclination, 


4. Tust 
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f 4. Tnar the Force of Percuſſion, or 
> Impulſe of a Body in Motion impinging 
on any Surface, is as the Sine of the 
Angle of Incidence. 

e 


5 THess are the moſt remarkable Pro- 
; portions attending the Inclined Plane. 
le It comes in Practice beſides, under two 
different Forms, the Wedge and the 


Screw, which come now to be conſi- 
der'd. 


* GEM _ 


Of the WEDGE. 


| HE Wedge is uſed, as every body 
| knows, to ſeparate the Parts of 
Bodies from each other; all cutting In- 
ſtruments, as Knives, Axes, Chiſſels, 
Sc. being Wedges. It is alſo uſed 


lometimes to drive Bodies cloſe toge- 
ther, 


6—ͤ— 


be Tus Wedge is repreſented in the Fi- 
iATW zure, between two Bodies, in order to 
K 4 ſeparate 
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| 


A 


— een 


ſeparate them. Having by ſome proper 
Device inſinuated the End of the Wedge 
C between the Bodies E and FE, they 
drive it in with Blows of a Mallet. 
This makes the Wedge ſlide it ſelf be- 
tween them; which by the Mike of 
the Inſtrument growing wider and wr 
der, makes a Separation as large as 1s 
required. 


Ir 
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I x is plain to common Reaſon, that 
the Wedge A muſt run more eaſily be- 
tween any two Bodies than the Wedge 
B. But then on the other hand, it will 
make a much leſs Separation than the 
other, which enters with more Difficul- 
ty. One of them produces a leſs Effect, 
but meets with leſs Reſiſtance; the other 
produces a greater Effect, but is reſiſted 
more. Now, to know exactly in all 
Caſes the Proportion of the Effect to 


the Reſiſtance, we mult conſider it in the 
tollowing Manner. 


WriLE the Wedge is driven in gra- 
dually farther and farther, between the 
Bodies E and F, the upper Parts of thoſe 
Bodies c and fare obliged to ſlide up- 
wards from C to A, and from C to B, 
along the two Sides of the Wedge. 
Suppoſe a Blow given upon the upper 
Part of BDA of the Wedge, ſufficient 
to make it deſcend ſo low between E 
and F, the Bodies to be ſeparated, that 
the Corner c of the Body F ſhould ſlide 


upwards 


{ 
) 
14 
9 1 
! 
i 
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upwards to the Point a. Let this Force 
be expreſſed by the Line a c; and let it 
be reſblved into two, c d, anda d. The 
Force à d being parallel to A D, has no 


Effect at all towards driving the Wedge 


downwards, and is therefore uſeleſs; 
and this uſeleſs Force is to the whole 
Force, as a d to ac, or becauſe the Tri. 
angles A D C, a dc, are ſimilar, as A D 
to AC, or as the longeſt Side of the 
Wedge to half its Baſe, or as Radius 
to the Sine of half the Angle A CB. 
Hence it follows, 


TraT by how much broader the 
Wedge is at its Baſe, that is uſed to ſe- 
parate Bodies, ſo much the greater muſt 
be the Force, that is applied to make 
it paſs between them. For the broader 
the Wedge is in proportion to its 
Height, ſo much of the Force applied 
is ſpent in vain; the Want of which 
muſt be ſupplied by ſome new additional 
Force, | 


TT 
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IT is eaſily ſeen, that the Wedge is 
only two inclined Planes joined toge- 
ther at the Baſe, in which the uppet 
Parts of the Bodies c and F repreſent the 
Weights; AC and BC the inclined 
Planes, upon which the Weight aſcends; 
the Force which drives in the Wedge, 
anſwers to the Power ſuſtaining or mov- 
ing the Weights, and the Reſiſtance 
which the two Bodies make to the Bn- 
trance of the Wedge, anſwers to the 
Heavineſs of the Werghts. 


Tuis is the Property of the Wedge; 
but in Practice, there is ſo ſeldom Occa- 
ſion for an exact Computation of the 
Force of the Wedge, and ſo many Hin- 
drances to its Operation, by reaſon of 
the great Friction in this Inſtrument, as 
makes a Geometrical Enquiry into the 
Nature of it, a Matter of Curioſity ra- 
ther than of Uſe. 


of 
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Of the ScrxEw. 


HE Screw is only an Inclined 
1 Plane bent round a Cylinder, juſt 
as a Pair of winding Stairs turning round 
a Newel, are the ſame thing with thoſe 
of more common Uſe that go directly 
upwards. This may be eaſily ſeen by 
cutting out a right-angled Triangle up- 
on a Piece of Paper, and folding it 
round a ſlender Stick. One may ſee, 
that in that Caſe, the Baſe of the Tri- 
angle will go round and round the Bot- 
tom of the Stick, or to ſpeak in more 
Mathematical Terms, the Baſe of the 
Cylinder ; the Perpendicular will remain 
unaltered, and the Hypothenuſe, which 
is the Inclined Plane, will form it ſelf 
into a ſpiral Figure like the Threads of 
the Screw. ; | 


THe Nature of the Screw every bo- 
dy knows to be this. The Thread of 
the Screw begins at the Bottom and 
winds about it till jt come to the Top; 
an 
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and the finer the Screw is, the greater is 
the Number of Threads in equal perpen- 
dicular Heights. Now, the Sum of the 
Threads, which may be called the Cir- 
cumference of the Screw, anſwers to the 
Hypothenuſe in the Inclined Plane; and 
the perpendicular Height of the Screw, 
to the Perpendicular in the Inclined 
Plane. But in the Inclined Plane the 
Weight is to the Power, as the Hypo- 
thenuſe to the Perpendicular. Therefore 
the Property of the Screw will be, 


As the Circumference of the Screw 
is to its perpendicular Height, ſo is the 
Weight ſuſtained by it to the Power 
that ſuſtains it. Hence it- follows, that 
to raiſe a Weight by the Help of the 
Screw, the Power muſt be increaſed a 
little above that Proportion. 


THEREFORE, by the Help of the 
Screw, one may ſuſtain the greateſt ima- 
ginable Weight, with the leaſt imagina- 
ble Power, by increaſing the Circumfe- 
rence of the Screw, fo that it may be to 


the 
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the perpendicular Height as the Weight 
to the Power. And by 1acrealing the 
Power a little more than in that Propor- 
tion, one may not only fuſtain, but 
raiſe it. 


Tux Circumference of the Screw may 
be increaſed two ways; by increaſing 


the Diameter of the Cylinder, round 


which the Screw winds; and by increa- 
ſing the Number of the Threads. By 
theſe Means one might produce a Ma- 
chine able to raiſe vaſt Weights with a 
{mall Power, which ſhould rake up but 
little Room. 


Tris is true in Speculation ; but in 
Practice the Screw is ſeldom made uſe of 
to raiſe Weights, for this Reaſon amongft 
others, that it is very ſubject to Friction, 
becauſe all the moving Parts of the Ma- 
chineare contiguous. One: Convenience 
it has above the reſt; which is, that in 
raifing Weights with the other Powers, 
it is neceſſary, as ſoon as the Weight is 
once ſuſpended, to keep the Power con- 

t inually 
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tinually applied to it; otherwiſe, if the 
Power remits its Action before the 
Weight can reft upon ſomething elſe to 
ſuſtain it, the Weight will defcend again 
with great Swiftneſs. But the Screw 
will give Leave to the Power to remit 
its Action if Occafion ſhould be, with- 
out that Danger ; the Parts of the Ma- 
chine, by their Corona, ſuſtaining 
each other. 


Tax Screw when uſed to impreſs a 
great Forge is generally impelled with a 
Lever, and the Length of that Lever 
muſt be conſidered, together with the 
Force of the Screw alone. The Effect 
of the Screw alone, will he to its Effect 
when impell'd by a Lever, as the Semi- 
diameter of the Cylinder, round which 
the Screw winds it ſelf, ta the Length 
of the Lever. This muſt be ſo plain 
to thoſe that have underſtood what goes 
before, that it is- needleſs Labour to 
prove 1t particularly. 


WHEN 


\ be. ' x 


= 


144 Of the Mechanical Powers. 


Wren the Screw is applied to raiſing I as ir 
Weights, it is generally joined to the the. 
Wheel or Axis in Peritrochio, from i the) 
which Compoſition ariſes a Machine, bein 
which is called a Perpetual Screw. This ¶ it co 
Machine is repreſented in the Figure; MW Whe 


grad 
upon 
will 
In th 
Whe 
ſame 
in tl 
whic; 
but being always to be found in a Jack, Nhe F 
an Inſtrument that falls under every one's 
Obſervation, it will be better knownby IN 
conſidering it in the Life, than by any Obſer 
Picture. The Nature of it is this. The I Vhec 
Screw winds round- a Spindle, at the dere w 
upper Part of which is a Winch to turn Weigl 
the Screẽw round with. In common bre ; 
Jacks uſed for dreſſing Meat, there is Veigl 


added a Fly at the top of the Spindle, to d to a 
keep the Motion even and regular: The With t 
Threads 


a o 
. 7 „ 
; lays 
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Threads of the Screw are ſo contrived, 
as in their Revolution to fall in between 
the Teeth of the Wheel. The Teeth of 
the Wheel and the Threads of the Screw 
being made a little inclined to each other, 
it comes to paſs, that each Tooth of the 
Wheel impelled by the Screw, aſcends 
gradually along the Thread which acts 
upon it, till by revolving a little way, it 
will be out of the Reach of its Action. 
In the mean time, another Tooth of the 
Wheel will meet another Thread of the 
ſame S:rew, and be impelled and revolve 
in the like manner. And fo for ever, 
which gives this Engine the Name of 
the Perpetual or Endleſs Screw. 


k, 
by Ix this Engine theſe 'Things deſerve 
ny Obſervation. Firſt, Each Tooth of the 


Wheel acted upon by a Thread of the 
hs Screw aſcends along that Thread like a 
Weight upon an Inclined Plane. There- 
tore the Power, that ſupports a great 
Weight by Means of the Wheel only, 
* s to a Power ſuſtaining the ſame Weight, 
wich the additional Help of the Screw, 
L as 


, 
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Wne the Screw is applied to raiſing 
Weights, it is generally joined to the 


Wheel or Axis in Peritrochio, from 


which Compoſition ariſes a Machine, 
which is called a Perpetual Screw. This 
Machine is repreſented in the Figure; 


but being always to be found in a Jack, 
an Inſtrument that falls under every one's 
Obſervation, it will be better knownby 
conſidering it in the Life, than by any 
Picture. The Nature of it is this. The 
Screw winds round-a Spindle, at the 
upper Part of which is a Winch to turn 
the Screw round with. In common 
Jacks uſed for dreſſing Meat, there is 
added a Fly at the top of the Spindle, to 
keep the Motion even and regular: The 

: Threads 


Of the SCREW, 


145 


Threads of the Screw are ſo contrived, 
as in their Revolutioa to fall in between 
the Teeth of the Wheel. The Teeth of 
the Wheel and the Threads of the Screw 
being made a little inclined to each other, 
it comes to paſs, that each Tooth of the 
Wheel impelled by the Screw, aſcends 
gradually along the Thread which acts 
upon it, till by revolving a little way, it 
will be out of the Reach of its Action. 
In the mean time, another Tooth of the 
Wheel will meet another Thread of the 
ſame S:rew, and be impelled and revolve 
in the like manner. And ſo for ever, 
which gives this Engine the Name of 


the Perpetual or Endleſs Screw. 


Ix this Engine theſe 'Things deſerve 
Obſervation. Firſt, Each Tooth of the 
Wheel acted upon by a Thread of the 
Screw aſcends along that Thread like a 
Weight upon an Inclined Plane. There- 
tore the Power, that ſupports a great 


Weight by Means of the Wheel only, 
s to a Power ſuſtaining the ſame Weight, 
with the additional Help of the Screw, 


L 


28 
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as the entire Weight of any Body is in 
the Power that ſupports that Body'b 


the Help of an Inclined Plane. on 
this Power is always leſs than the entire, 


Weight; therefore, a leſs Power will 
{ſuſtain a Weight by means of the Screw 
adjoined, than by the Wheel only. The 

Queſtion then is, to know the exact Pro- 
portion of theſe two Powers. And from 


what has been faid, the Anſwer will be 
the ſame as in the ordinary Screw, vi. 


As the Circumference of the Screw to 


its perpendicular Height; ſo is the 
Power tliat ſuſtains the ſame Weight, ; 
without the Help of the Screw, to "the 


other Power. 


Secondly, This Sort of Screw bring 
generally turned round, like the ordii 
ry Screw, by means of a Lever, in ſom 


Form or other, the. Length of that Le- 
ver muſt be bett into Conſidetation | 


- a © UE 3 


Third, 
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Thirdly, This Screw wants one Con- 
venience, which the other has; the or- 
dinary Screw giving Leave to the Pow- 
er to remit its Action, without Dan- 
ger of the Weight's deſcending again; 


which can't he done with. this Sort of 


SCrew. 


Fourthly, This Screw, by its Con- 
ſtruction and Nature, produces in the 
Wheel a Revolution, whoſe Direction 
15 perpendicular to its own, at the ſame 
time that it diminiſhes the Power neceſ- 
ſary to ſuſtain the Weight. For the 
Revolution of the Spindle is parallel to 
the Horizon, and the Revolution of 
the Wheel perpendicular thereto, which 
Change of the Direction of the Revolu- 
tion, is of great Uſe upon ſeveral Oc- 
caſions. 
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SE 6 T.. III. 


General 8 IONS: on the 
Mechanical Powers Nu de- 
ſcribed. 


_my hitherto explain' and de- 
monſtrated the Properties of the Me- 
chanical Powers, and ſhewn the ſeveral 
Qualities of each of them. I propoſe 
at preſent to make ſome Obſervations on 
them, which I thought more proper for 
this Place than any other.. And firſt, 


1. I wouLD take notice of an im- 
proper Manner of Expreſſion, often 
made uſe of, concerning theſe Powers, 
which are often ſaid to increaſe the 
Force that is applied to them; whereas 
(as I hinted before occaſionally) they 
do not properly increaſe Force, but on- 
ly ſerve to apply it in the moſt convent 
ent Manner. This is to be underſtood, 
however, only of the Lever, the Pully, 
and the Wheel; the Inclined Plane de- 
pending 
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pending upon Principles ſomewhat diffe- 
rent. To explain this a little. Suppoſe 
a Stone lying upon the Ground of 300 
Pound Weight, and a Man taking hold 
of it on each Side, endeavouring to lift 
it, were to apply a Force to it =300 
Pound. Then 'tis plain, that the Stone 
would ſtill remain unmov'd; for the 
Force of Gravity puſhes the Stone down- 
wards, exactly as much as the Man's 
Force pulls it upwards. But it may be 
laid, that if the Man ſhould apply to it 
a Force, never ſo ſmall a Matter greater 
than 300 Pound; as for Example, 2301 
Pound, it muſt needs riſe; it being pul- 
led upwards with more Force than 'tis 
puſh'd downwards by its own Weight. 
And no doubt if this Force were appli- 
ed to it continually, it certainly would; 
but that can't be done for this Reaſon; 
that when a Man is lifting a Weight in 
that Manner from the Ground, he ap- 
plies more Strength at firſt, than he can 
afterwards. For when a Man endeavours 
to raiſe a Stone in that Manner, he 


ſtoops very low, bending the Joints of 
L-3 his 
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his Knees, of his Thighs, of his Back- 


bone, and of his Neck. Now tlie Sum 
of the Forces of the feveral Muſcles, 
whofe Action reftores thoſe ſeveral 


Joints to their former State, is the very 


Force that raiſes the Weight from the 
Ground, at the firſt Inſtant of its rifing. 
But by legyten as the Stone tiſes, theſe 


Muſcles ceaſe their Action one after ano» 


ther; the feveral Joints becoming ftrait, 


as ſoon as the Weight is raiſed to the 


ſame Diſtance and Height from the 


Ground with themſelves, fo that when 
the Man has got the Stone as high as 


his Knees, the Muſcles of the Thighs, 
which by unbending the Knee aſſiſted 
him in raiſing it to that Height, now 
ceaſe to act, and ſo become entirely uſe- 
leſs to him. Now, if we ſuppoſe the 
Action of theſe Muſcles equivalent to 
40 Pound, it is plain, that here is a Di- 
minution of the Power applied ts the 

tone; ſo that the Force, which at firſt 
was equal to 301 Pound, is now equal 
but to 261 Pound, which being very un- 


equal to zoo Pound, which is the Voun 
5 


I 4 8 28 
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of the Stone, can neither raiſe it higher, 
nor ſupport it at that Height. 


"Yor if we ſuppoſe this Weight of 300 
pound faſten'd to one Arm. #75 an equal 
Ballance, or Lever, and a Man preſſing 
upon the other Arm, with a Force equal 
to 301 Pound, then the Weight may be 
raiſed by that Force as high as the Length 

of the Arms. of the Ballance or Lever 
ory permit. For the Action of the Muſ- 

; cles fa ſuch a a Freſſure, i is very nearly ſimi- 
1 lar and alike to it ſelf, the ſame Muſcles 
acting all along with much the fame 
Force applied! in much the ſame Manner. 


50 alſo, if we ſuppole : a Rope falten d 
at one End to the Stone, and the other 


7 1 


End thrown g 975 ra Pully, and taken 
a 


hold of by a Man, and that this Man 
pulling the Rope, applies to it at firſt a 
Force =30, Pound, he will be able to 
draw the Weight up as high as the 
Height of the Pully will give | him leave, 
= in the Action of pulling a Rope 


downwards, in like manner as in the Ac- 
L 4 tion 
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tion of puſhing one Arm of a Lever, 
the ſame Muſcles act all along with the 
ſame Force applied in the fame Manner. 
The Wheel being always turn'd either 
with a Rope like the Pully, or by Preſ- 
ſure like the common Lever, what was 
ſaid concerning thoſe two Powers may 
be applied to that Power alſo. 


2. IT is indeed by this Property 
that theſe Machines are generally uſeful 
in Practice; not ſo much, that they en- 
able us to move a great Weight with a 
{mall Power, as becauſe they give room 
for the Application of a Power to the 
Weight, which without them could not 
be applied at all, or at leaſt nothing near 
ſo conveniently ; for in Practice, there 
1s generally not ſo much want of Hands, 
as of Convenience for applying themal. 
To explain my ſelf by an Example: 
Suppoſe a Cube of Marble, whoſe Side 
is 2 Foot; or, to ſpeak in more vulgar 
'Terms, ſuppoſe a Piece of Marble 2 Foot 
every way in Length, Breadth, and 
Fhickneſs; ſuch a Cube would 'be in 


Weight 


. 
— 
7 


oot 
and 
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Weight —=1296 Pound. Let it be re- 


quired to raiſe ſuch a Stone 6 Foot. 


Now, this could not be done without a 


Machine, by-Strength of Hands. only. 
The Reaſon is, 1. That not above 6 


Men could be employ'd about it, that is, 
I at each Side of the Cube ; for each 


Side of the Cube being only 2 Foot, there 


would not be room for more than 1 


Man. 2. That each of theſe 4 Men 


would have 324 Pound each to raiſe; 


which is a very conſiderable Weight in 


its ſelf, and farther than moſt Mens 


Strength goes. And beſides, 3. Suppo- 


ſing their natural Strength to be equal, 


or rather a ſmall Matter ſuperior there- 
to, yet they would be able to apply but 
a very ſmall Part of it, to the moving of 
the Stone; becauſe of the ſlight Hold 
they. muſt take of it; and becauſe, ſup- 


poſing their Hold never ſo firm, yet by 


what was faid before, when the Stone 
was raiſed to the Height of their Knees, 


a great part of their Strength would be 


Joſt, by reaſon of the Ceſſation of the 
AQtion of certain Mulcles. 


Bur, 


1 


— — 
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Bor, if we "ſuppoſe them to "apply 
Levers to this Stofle, r Tt we ſappoſe 
the Stone faſten'd with a Rope, aiid that 
Rope'thrown over a Pully, then it ĩs easy 
to ſee how there may be Forte enough 
applied to raiſe it, by à ſufficient Num- 
ber of Men preffing upon the Levers, or 
pulling che Rope of tlie Pully, who Wil 
Alfo, as was ſhewn before, apply their 
Strength in tlie fttoſt convenfent Manier 


3. Bur theſe Mactunes hive andtfler 
vſe more important; Which is, that We 
May, by the Help of them, apply a Power 
to a Weight, in ſuch a Manner, as to 
make the Velocities of the Power and 
the Weight teciprotally proportional tb 
heit Keveral Quantities ; by which 
Means, as I fhew'd at large under the 
former Heads, a fmall Power may be 
tnade to ſupport, and to raiſe a large 
Weight, Which is a very wonterful and 
important Effect. This Was ſhewn Hargeé⸗ 
iy and particulatly before, and therefore 
I need not repeat it here ; but rather 
F | make 
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make this Obſer vation, how the Proper- 
ties of theſe feveral Machines demon- 
ſtrate, 2 pofteriors, that great and uſeful 
Truth, which I prov'd at firft uni verſal- 
y 2 priori, to wit, that in al Bodies 
mov'd, the Momenta are equal, when the 
Rectangles of the Velocities and Weights 
into each other, are feveraly equal. 


Ard thefe are the Bounds in which 
Providence hath thought proper to con- 
fine the Abilities of mortal Men. For 
tho', by the Help of Machines, we can 


deed make the ſmalleſt Power imagin- 


able, equal, or fuperior to the greateſt 
inaginadle Weight of Reſiſtance ; yet 
ſtill by how much tHe Weight exceods 
che Power, ſo much the more flowly will 
it move. We may by the Appliektien 
of Machines lift a Weigtht of #5coors 
Pound, with a Power of 1 Pound only; 
but then the Weight will move 20660560 
times ſlower; in which Cafe, the Power 
muſt go over a Space of neat 200 Miles, 
before it can raiſe the Weight 12 Inches 


1 hat 
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That if he could have a Place to fix bis 
Machine upon, he alone could move the 
whole Earth; and ſo without doubt he 
could. But one Inconvenience (among 
others) of ſuch an Attempt would be this 
(it is indeed a very great one) that an 
Engine framed for that Purpoſe would 
operate ſo very ſlowly, that not only 
Archimedes, but the Earth it ſelf, would 
come to an End, before the Effect would 
be in the leaſt ſenſible. 


4. IT is no improbable Opinion, that 
it was this Property of Convenience of 
Application, that firſt gave Riſe to the 
Invention of theſe Machines ; and not 
any Suſpicion, that one might make a 
ſmall Power equivalent to a great 
Weight by Means of them. For if a 


Man, unacquainted with our common 


Machines, had occaſion to raiſe a heavy 
Stone lying before him on the Ground, it 
would be natural for him to apply a Bar 
of Wood or Iron to it, rather than his 
own Fingers, becauſe of the Danger 
there would be of hurting them. And 
when 
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when he had got the Stone upon his Le- 
ver, ſome Chance or other might move 
him to lay a Prop underneath it, in 
which Caſe he would find that he would 
be able to remove the Weight with far 
leſs. Strength than before ; and that by 
puſhing the Prop ſtill nearer to the 
Weight, he might raiſe a Stone with 
this Inſtrument with great Eaſe, that 
otherwiſe he could not move. This, or 
ſome Chance like it, gave Birth to the 
Invention of this Power, which, being 
afterwards more nicely taken into Con- 
deration by the Mathematicians, was 
found liable to Geometrical Reaſoning 
and Calculation, and to have thoſe Pro- 
perties which I have explain'd. 


Tak Pully ſeems to have taken its 
Riſe from an Occaſion, ſomething like 
the following. When Men began to 
take Delight in building ſumptuous and 
magnificent Edifices, they found it requi- 
lite, partly by Vanity, and partly by Ne- 
ceſſity, to make uſe of large Stones and 
Timbers, at the upper Part of Buildings, 

at 
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1 at a great Height from the Ground. and 
Noy, the Queſtion was, how they ſhould ¶ cau 
get them up there? To carry them wp |} wo! 
Ladders upon Mens Shoulders, was al. all t 
ways inconvenient and dangerous, and Qua 
oftentimes impoſſible. The Lever, which I Rox 
was probably one of the firſt invented of I ing 
theſe Magbines, would be, as is ſhewd emp 
belore, of no Uſe upon this Occaſion, ¶ con 
To let down Ropes from the Place de ¶ there 
ſignꝰ d, and to pull up the Stones by Force ¶ pent 
of Aums only, was, dangerous in all Caſes 
and in many impoſbble to be done. 


ITE firſt Thing probably, that wa 
thought of, was to throw one End df 
4 the Rope over a Beam, and #0. let if 
= down, in order to be faſten'd to the 
Stone that was to be raiſed; the other 

End hanging down on the other Side 
za which Cale 4 or 5 Men might pul 
the Rope, which could not be done 
well, or ſo lately, without ſuch a Conve 
nience. This made it neceſſary, 2, Td 
round off all the Corners of that Pan 
of the Beam over which the Rope went 
and 
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and to make ĩt as ſmooth as paſſible, be- 
cauſe all Corners and Roughneſs. there 
would., cut and fret. the. Rope. But when 
all this was done, there would be a great 
Cuantity of Friction, or Rubbing, of the, 
Rope againſt the Wood, in the overcom- 
ing de a great Part of the Strength 
employed to raiſe. the Weight would be 
n. conſum' dand render'd.uſeleſs. . In order 
le therefore. to leſſen this Friction, which 
ob ſpent ſo much Force in, vain, the Pully 
vas thought of, which giving Way con- 
tigually,,to the. Aftion, of the Rape, by 
reaſon of its turning about its Axis, ve- 
ry. mugh Jeflens that Friction. For the 
Action of turning round upon its Axis 
t bas no Effect conlider'd by it ſelf; for if 
cher were poſſible to make the Rope ſlide 
cher freely round it, without that Revoluti- 
ide In, the Effect would be the fame, as if 
{Wc Pully turn'd round. But that being. 
10 mpofible, js wes neceſſary, that the Pul- 
ave) ſhould turn.round, upon its Axis, bes... 
„ To aſe the; Rope will; not ſlide ſo freely 
Part cherwiſe, After one Pully had been 
* nyented, i it was. natural to make the Ex- 
per iment 
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periment of ſeveral together, by which 
they found this Machine had a ſecond 
more extraordinary Property of making 
a ſmall Power equivalent to a great 


Weight. 


«+. / 
+ 47 * 


Tux Wheel, eſpecially the Compound, 
appears to have been the Reſult of deep- 
er Thought-and Contrivance; but who 
it was, that invented this Power and the 


Screw, is not material to enquire. 


THe Inclined Plane depends upon a 
Thought fo natural and obvious, that it's 
probable, it was firſt put in uſe, or at 
leaſt as ſoon as any other. For, as we ſee 
every Day, that Weights puſh'd or drawn 
up a Hill will aſcend with the moſt Eaſe 
where the Hill is leaſt ſteep, it was eaſy 
to apply this Obſervation to Practice, by 
making an artificial Aſcent, where a na- 
tural one was wanting; in doing which, 
there was this Convenience, that the 


Aſcent might be made as eaſy as it ſhould 
be thought proper. If the Stories are 


true, that we read of the great Works 
done 
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done by the American Princes before the 
Europeans got footing amongſt them, it 
is ſcarce to be queſtion'd, but that they 
were perform'd by the Help of this 
Power, all the others requiring in Prac- 


tice the uſe of Iron, which thoſe People 
were Strangers to. 


) Trax Wedge is ſo obvious a Thought, 

that probably 1000 Perſons have invent- 
ed and made uſe of it, without knowing 
what they did. 


$ 4. Tro' the Convenience of Applica- 
tion of Force be probably the Cauſe of 
the Invention of theſe Powers, yet it is 
by no Means the chief Advantage of 
them. For tho? in ſmall Weights, the 
Conſideration of the Inequality of the 
Power to the Weight, be of no great 
Regard ; yet in vaſt and enormous ones, 
it is of very much Conſequence. When 
only ſmall Weights are to be raiſed, that 
Is, ſuch as the Strength of 6 or 7 Men is 
are equal to; it is no difficult Matter, by 
ks the Help of theſe Machines, to apply 
ne M the 
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the Strength of 6 or 7 Men, or even of 
more, to the Weight. Now, in this 
Caſe, the Power and the Weight being 
about equal, there is no Occaſion to exa- 
mine the exact Quantity of either; for 
if it ſhould be found upon Trial, that the 
Hands employ'd are not ſufficient to 
raiſe the Weight, *tis an eaſy Matter to 
employ 1, or 2, or 3 Hands more, which 
we are ſure, beforehand, without any 
exact Calculation, will be more than 
ſufficient, only from a tranſient View, 
and Conſideration of the Bigneſs of the 
Weight. In a word, Experience and 
Dexterity is of more Uſe in theſe Cafes 
of {mall Weights, than a Mathematical 
and Speculative Knowledge of the Pro- 
perties of the ſeveral Powers; and a good 
Workman will be more ſerviceable than 
a profound Geometrician, 


Bur if, as it ſometimes happens, it be 
found neceſſary, either for Strength, 
Beauty, or Magnificence, to remove 
Stones or other Bodies of prodigious | 
Weights, then appears the vaſt Advan- 

tage, | 
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tage, and ſurprizing Effects of theſe 
Powers, and the Neceſlity of a ſpecula- 
tive Knowledge of them. The Advan- 
tage of them appears herein, that in vaſt 
Weights it is impoſſible to apply a Pow- 
er equal to them, which may be gene- 
rally dene in ſmall ones. Now, it it be 
impoſſible to apply a Power equal to the 


Weight, either ſome way muſt be found 


to make a ſmall Power equivalent to a 
great Weight, or it can't be removꝰd at 
all. Therefore the Uſe of theſe Ma- 
chines is very great, becauſe by the Help 
of them, one may make a ſmall Power 
equivalent to a great Weight, and by 
that Means lift or remove Bodies, whicly 
without their Aſſiſtance could not be 
ſtirred. 


Bur, in order to find a Machine, 
which ſhall remove a vaſt Weight with 
a Power much leſs, a previous Calcula- 
tion is abſolutely neceſſary. The firſt 
Thing to be done, is to find out either 
exactly, or pretty nearly, the Quantity of 
the Weight, which is not fo neceſſary, 

M 2 where 
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| where the Power and Weight are nearer 
to Equality. If it be a Stone or ſolid 
Body, that is to be moved, the beſt way 
of doing this, is to find the Weight of a 
cubical Inch or Foot of ſuch Body. This 
being bad, the next Thing is to find 
the ſolid Content of the whole in cubt- 


cal Inches or Feet, according to that 


Sample. For Example ; Let it be re- 
quired to raiſe a Stone 18 Foot in 
Height, 7 in Breadth, and 4 in Thick- 
neſs, and that by reaſon of ſome Hin- 
drances, too various to be particularly 
accounted for, one could not apply to it 
more than the Force of 1co Men. The 
Queſtion then is, how by the Principles 
before laid down, and by the Machines 
above deſcribed and explained, one ſhall 
be able to perform what 1s required, 
and what the Steps are, which muſt be 
taken to that End. 


Tas firſt Thing then to be done, as 

I faid, would be to find the Weight of 
a cubical Inch or Foot of this Stone. 
Now, if we ſuppoſe it to be of Marble, 
as 
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as we may for Calculation ſake, it will 
be found, that a cubical Inch will weigh 
about 6 Ounces 5. From thence it will 
follow, that a cubical Foot containing 
1728 cubical Inches, will be in Weight 
= 6 Ounces 3 multiply*d by 1728, that 
is, to 11232 Qunces, that is, to 502 
Pound, the Weight of a cubical Foot. 
This being found out, the next Thing is 
to find how many of theſe cubical Feet, 
that is, how many times 702 Pound 
are contained in the whole Stone. Now, 
to find how many cubical Feet are con- 
tained in the whole, we muſt multiply, 
as every one knows,the Height, Breadth, 
and Thickneſs into each other; that is, 
18 Foot into 7, which makes 126, and 
that again into 4, which makes 504, the 
Number of cubical Feet in ſuch a Stone. 
It therefore 1 of theſe cubical Feet 
weighs 702 Pound, the Weight of the 
whole will be = 702 Xx 504, that is, 
353808 Pound. Let us take a round 
Number, and ſuppoſe the Weight equal 
to 360000 Pound. Now, to remove 
this Weight, it was ſuppoſed, that we 

M 3 had 
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had only the Strength of 100 Men to em- 
ploy. Let the Strength of thoſe Men be 
ſuppoſed ſeverally equal to 200 Pound 
each. Multiply that Number into 100, 
and the Product will be 20000, the Sum 
ofall theſe Mens Strength. So that here 
is given a Weight = 360000 Pound, to 
be raiſed by Means of a Power equal 
only to 20coc, Let us now conſider 
of the ſeveral Ways by which this 
Weight may be raiſed by this Power, 
and endeavour to find, which of them 
will be the moſt eaſy and practicable. 


The firſt thing neceſſary, is to find 
the Proportion of the Weight to the 
Power ; which is done by dividing the 
greater by the leſs, that is, 260000 
Pound, the Quantity of the Weight, 
by 20000, the Quantity of the Power, 
the Quotient whereof is 18 ; which 
ſhews, that the Power is to the Weight, 
45 1 to 18. | 


_ Tamis being known, we ſhall examine 
the ſeveral Powers one after another. 
2 | THE 
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Tax Lever is the firſt that offers it 
ſelf to our Conſideration, It was ſhewn 
in the Diſcourſe upon that Power, that 
if the Length of that Arm of the Lever, 
which is next to the Power, he to the 
Length of that next the Weight, as the 
Quantity of the Weight to the Quantity 
of the Power, that is, in reciprocal Pro- 
portion; that then the Power would 
ſupport the Weight; or, if it were yet 
longer, it would not only ſupport, but 
raiſe it. Therefore, to apply that Thea- 
rem to the preſent Caſe, it may be ſaid, 
that if a Lever be made, and its Length 
be divided in ſuch ſort, as that the Diſ- 
tance from the Prop to the Weight be 
equal to 1, and from the Prop to the 
Power be equal to 19, that then this 
Power of 20000 Pound applied to it, 
would raiſe the Stone, But the Impoſ- 
ſibility of doing any thing with char 
Machine appears at firſt Sight. For ſuch 
a Lever as will make a Power = 1,equi- 
valent to a Weight = 18, muſt be at 
leaſt 57 Foot long ; and where can ſuch 
M 4 a Piece 
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a Piece of Timber or Iron be found of 
ſufficient Strength to endure ſuch a pro- 
digious Bearing, as it muſt have at the 
greateſt Diſtance from the Fulciment ? 
How can it be ballanced upon the Fulci- 
ment ? Or ſuppoſing it might be done, 
it muſt coſt as much Trouble to do that, 
as to remove the Weight. Beſides, one 
Lever alone would not do, and how 
could more be applied to it, to co-ope- 
rate exactly with the other? But it is 
needleſs to ſpend Words in a plain Caſe. 
Therefore the Lever muſt be laid aſide 
as uſeleſs ſor the preſent Occaſion. 


Tux Pully comes next in order under 
Conſideration. And this promiſes bet- 
ter than the Lever. It was ſhewn be- 
fore, that a Weight ſupported by the 
Help of Pullies, will be to the Power, 


as the Number of Strings applied to 


the lower Pullies, is to Unity. Now, 
from this Principle, it ſeems eaſy enough 
to determine, how to raiſe this Stone 
by the Help of this Machine. For by 


that ee if we ſuppoſe Tackles 


applied 
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applied to the Weight, conſiſting of 9g low- 
er and 9 upper Pullies, it will follow, 
that the Weight may be ſupported with 
thoſe Pullies by a Power that is to it, as 
I to 13, For the Power that ſuſtains the 
Weight, is to the Weight, as 1 to 
the Number of Strings applied to the 
lower Pullies, that is, in this Caſe, as 1 
to 18, there being 18 Strings applied to 
9 Pullics ; that 1s, one on each Side. 
But the whole Weight was ſhewn to be 
the whole Force applied to it, as 1 to 18. 
Therefore if we ſuppoſe, 10 ſuch Tac- 
kles applied to ſuch a Stone, and that 
10 Men be apply'd to each of them, it 
follows, that the Stone will be acted up- 
on by a Power ſufficient to ſuſtain it. 
For then each Man's Force ſo applied, 
will be equivalent to 18 times the Quan- 
tity in the Weight; that is, every Man's 
Force being by our Suppoſition = 200 
Pound, that 200 Pound will ſupport 18 
times as much in the Weight; that is, 
3600 Pound, which will be the Quanti- 
ty of the Weight ſupported by one Man. 
Now if we multiply 3600 Pound the 


Quaatity 


—— — — 


— 
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Quantity of Weight ſupported by one 
Maa, by 1co, the Number of all the 


Men, the Product will be 360000, the 


Weight of the entire Stone. 


Bur it muſt be confider'd, that a 
Power that moves, or raiſes a Weight, 
muſt be greater than that which ſuſtains 
it ; for which Reaſon we muſt increaſe 
ſtill more the Effect of the Power in 
order to do that which is required. Now, 
if we ſuppoſe only one lower and upper 
Pully, added to each of the Tackles, fo 
as to make 10 upper and lower Pullies, 
inſtead of 9, the Number before; we 
ſhall increaſe the Effect of the Power a 
Toth Part, which will be abundantly ſuf- 


ficient for the Purpoſe deſigned, 


Tar Wheel, as I took Notice of in 
my Diſcourſe upon it, is of two Kinds, 
Simple and Compound. The Simple 
comes under two remarkable Forms, the 
Crane and the Capſton. In the Cranes 
uſed for lifting Goods out of Veſſels, 


every one muſt have obſerv'd the Wheel, 
within 
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within which a Man continually walking 
cauſes it to turn round, Through the 
Center of the Wheel there paſlesa Beam, 
round which a Rope, windang it felf ar 
one End, cauſes the Weight faſten'd to 
it at the other End to aſcend ; till ſuch 
a time as it is raifed to the deſigned 
Height; when, by pulling the Crane 
round, it is brought aſhore. Now, this 
Wheel is the very ſame thing with that 
which I then deſcribed, and called the 
Simple Wheel; and I there ſhewed, that 
a Weight ſupported by that Machine, 
would be to the Power ſupporting it, as 
the Radius of the Wheel to the Radius 
of the Axle round which the Rope winds. 


BuT this Engine would be of little 
Service in the preſent Caſe, for this Rea- 
lon amongſt others, that only 1 or 2 
Men can work within each of them, 
and how to make, or manage, or direct 
ſuch a Number, as would be neceſſary 
for 150 Men, is not eaſily conceivable. 


THE 
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Tux Capſton is of the fame Nature 
and Properties of the Crane, and differs 


in two or three circumſtantial Points on- 


ly. It is commonly known, that it con- 
ſiſts of a ſtrong Beam ſet upright, and ſo 
faſten'd at Top and Bottom, as to be ca- 
pable of turning round. From this 
Beam there iſſue forth ſtrong wooden 
Bars like the Spokes of a Wheel; as ma- 
ny in Number as the Thickneſs of the 


middle Beam will allow; and under theſe 


Bars is wound a ſtrong Rope or Cable, 
faſten'd to the Beam at one End, and at 
the other End to the Weight. Then the 
Bars being puſh'd round, and making 
the upright Beam to turn round with 
them, the Rope winds it ſelf round the 
Beam or Spindle, as it is ſometimes call'd, 
and by that Means pulls up the Weight. 
Now this Machine only differs from the 
Crane in this, that the Axis is here per- 


pendicular to the Horizon, which be- 


fore was parallel to it; and the Plane 
of the Wheel is horizontal, which in 
the other Caſe was perpendicular. And 


here 
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here alſo the ſame Proportion holds, that 
as the Radius of the Wheel, that is, in 
this Caſe, half the Thickneſs of the Spin- 
dle added to the Length of the Bar, is to 
the Radius of the Axle, that is, to half 
the Thickneſs of the Spindle alone; ſo is 
a Weight, ſupported by a Man applying 
his Strength at the End of one of the 
Bars, to the Quantity of the Power by 
which he ſupports it. Now let us ſee, 
whether with this Machine one may not 


be able to remove and raiſe the Weight 
in queſtion: 


LET Io Capſtons be ſuppoſed to be 
placed round the Stone, and for eaſe of 
Calculation, let us ſuppoſe each Capſton 
to have 10 Bars, to each of which Bars 
a Man applies his Strength. Let half 
the Thickneſs of the Spindle, that is, 
the Radius of the Axle, be 5 Inches; and 
let each Bar be 5 Foot 3; long: This ad- 
ded to half the Thickneſs of the Spindle, 
makes 6 Foot, which is what in theſe 
Caſes is the Radius of the Wheel, as 
was ſaid before. Then it will be as 6 to 


725 
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72, that is, as i to 12; ſo is the Quan- 
tity of a Man's Strength to the Weight 
he is able to ſupport by one Bar of this 


Machine. Therefore, as 1 to 12, ſo is 


200 Pound to the Weight each Man 
ſuſtains, that 1s, to 2400 Pound. Now 
this multiply'd into 100, produces only 
240060 Pound, which is much lefs than 
the Weight of the Stone. Therefore 
with this Machine alone, ſo applied, the 
Stone cannot be raiſed. The beſt and 
moſt eafy Remedy for this Defect, is to 
make the Rope of each Capſton be faſ- 
ten'd to adouble Pully ; by which Means 
the Effect of each Man's Strength will 
be double to what it was before, that is 
— 4800 Pound, which. multiply'd into 
100, gives 480000 Pound, the Weight 
which thefe Mens Strength, by the Help 
of this Machine, is able to ſuſtain. Now 


if their Strength be able to ſuſtain a8coco 


Pound, it will be much more than ſuffi- 
cient to raiſe only 360000. 


Ir was chiefly by the Help cf theſe 
Capſtens, that Domenico Fontana, an 
Italian 
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Italian Architect, removed the great 
Obelisk in the Center of the Portico be- 
fore St. Peter's Church at Rome; whoſe 
Weight is very near 1000000 Pounds. 


TRE Compound Wheel may be made 
uſe of alfo in this Cafe, with great Con- 
venience. If we ſuppoſe a Wheel, whoſe 
Diameter is as 6, to have a Pinion at 
the other End of the Axle, whoſe Dia- 
meter is as 1; and that the Pinion to 
impel a Wheel, whoſe Diameter is to 
that of the Axle, as 3 to 1; then by 
what was ſhewn before, it a Rope were 
to be thrown over the firſt Wheel, and 
pull'd by a Man, his Force would be 
equivalent to 18 times the Quantity in 
the Weight ; and therefore if we ſhould 
ſuppoſe 10 ſuch Machines applied to the 
Weight in Queſtion, and 10 Men work- 
ing at each of them, it will follow, that 
the Weight will be acted upon with a 
Force ſufficient to ſuſtain it. But ſince 
a Force. that ſuſtains, is leſs than that 
which raiſes, it follows, that by increa- 
ling either of theſe two Proportions, there 
will 


176 Of the Mechanical Powers. 


will be produced a Machine ſufficient, 
not only to ſuſtain, but to raiſe the 
Stone. 


Taz Inclined Plane will not be fo 
convenient as the three Machines before 
mentioned, upon theſe Accounts. 1. Be- 
cauſe, theſe three Merhods are equally 
practicable, whether the Weight be to 
be raiſed to a great or ſmall Height, 
whereas the Inclined Plane cannot be 
made uſe of at a great Height. 2. Be- 
cauſe, in order to fit ſuch a Stone for 
being drawn up the Inclined Plane, it 
muſt be incloſed in ſome proper Con- 
trivance to enable it to roll upwards, 
which its own natural Figure will ſel— 


dom allow. Now this Contrivance, of 


whatever Kind, will be a great additio- 


nal Weight, and therefore the Uſe of it 


is to be avoided. 


Tuk Wedge is not uſed for the raiſing 
of Weights ; and tho' the Screw might 


be ſerviceable upon ſome Occaſions, yet 


at preſent it will be of no Help at all by 
it 
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it ſelf ; tho? under the Form of a perpe- 
tual Screw, it may be applied to the 
Wheel or Axis in Peritrochio with good 


Advantage, as was obſerved in the Dif 
courſe of the Screw. 


5. ALL that has been faid hitherto of 
theſe Powers depends upon the Suppoſi- 
tion, that the Machines made Uſe of, 
are perfect in their Kind; that is, that 
the Levers be homogeneous and of equal 
Breadth and Thickneſs in every Part: 
The Pullies perfectly round, and turning 
with all imaginable Freedom round their 
Axes; and the Wheels and Axles in 
like manner upon theirs; that the Incli- 
ned Planes be every-where perfectly 
ſmooth and even; the Wedges made of 
ſuch Matter as to be perfectly ſmooth 
and lubricous; and the Screws in like 
manner perfectly ſmooth, and ſo fitted to 
each other, as to turn with all imagina- 
ble Freedom. So far as the Machines 
fall ſenſibly ſhort of this Perfection; ſo 
far will the Effect of the Machines dif- 
ter from the Calculation. | 

N THE 


I 78 Of the Mechanical Row, 


THe moſt remarkable Imperfection is, 
that which is called the Friction or Rub- 
bing of the Parts of the Machine, in 
overcoming of which, a great Part of 
the Strength is loſt. This Friction is 
occaſioned by Roughneſs of the contigu- 
ous Surfaces, which is generally produ- 
ced in Length of Time, and ſometimes 
proceeds from other Cauſes. So old 
Hinges of Doors, or Window-Shutters, 
that have not been ſtirred, or opened a 
long time, move ſtiff. So if we have 
Occaſion to open a ruſty Lock with a 
ruſty Key, we find it hard to overcome 
the Reſiſtance the Key meets with, and 
to turn it thro' the Wards, tho' the 
Lock, abating for its Ruſtineſs, be in as 
good Condition as ever. So Screws of 
any Kind, that have lain by a long time, 


are generally turned with great Pains ; 


becauſe the Air operating upon them all 
that while, by ruſting Metal, or rotting 
or ſoftening Wood, makesthe Contiguous 
Surfaces rough ; which Roughneſs, we 
find by Experience, is very hard to over- 
| come. 
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come. Now the Reſiſtance made in all 
theſe Caſes, ariſing from the irregular 
Situation of the Parts, is what we call 
Friction. The moſt ſmooth and poliſh- 
ed Bodies in the World have a little, 
tho' in ſome it is ſcarcely ſenſible; and 
if the ſmootheſt have ſome Friction, 
thoſe Bodies that are leſs ſmooth muft 
have more. The Parts of Machines con- 
fiſting chiefly of Iron, Wood and Ropes, 
muſt therefore have ſome Friction; 
which is increaſed in time by the Tn 
growing ruſty, the Wood ſoft and rot- 
ten, and the Ropes hard and tiff. 


Ir will be proper to conſider the ſe- 
veral Powers, and to examine how far 
each of them are fubject to this Incon- 
venience. 


Tux Lever js ſubject to little or no 
Friction, as ballancing round a Point in 
the Theory, and a very 1 95 Surface in 
the Practice. 


THE 
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run Pully is fubjef to Friction from 
the Ropes that go round the Blocks, and 
the Axles turning about the Centers. 
For this laſt Reaſon, it is convenient to 
have the Pullies as large as one can get 
them; becauſe in a large Pully, the Rope 
acts at a greater Diſtance from the Cen- 


ter where the Friction is; and by that 


Means has the greater Force to over- 
eome it. 


Tux Wheel is ſubject to Friction, by 
its preſſing with all its own Weight, and 
that of the Weight it ſuſtains, upon its 
Supports, tho' by proper Contrivances 
this Inconvenience may be much allevia- 
ted. One Obſervation may be properly 
inſerted here; that as the Weight, which 
is ſuſtained or moved by a Multiplication 


of Wheels, makes a very different Im- 


preſſion upon each of them; ſo it is of 
great Conſequence in Praftice to make 
the Axle, which immediately bears the 
Weight, and the Wheel belonging to 
that Axle, ſtronger and more ſubſtantial 


than 
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than any of the other Axles or Wheels, 
which may be made ſo much ſlighter, as 
they are farther removed from that Axle 
and Wheel, at which the Weight hangs. 


Tus Inclined Plane is not ſubject to 
any Friction at all, but is attended with 
this Inconvenience; that if the Weight 
to be moved is not naturally of a ſpheri- 
cal or cylindrical Figure, it is neceſſary 
to annex to it ſome Contrivance to make 
it capable of rolling upward; which 
additional Weight may be perhaps equi- 
valent in ſome Caſes to Friction. 


Tax Wedge and Screw are both ſub- 


| je@ to a great deal of Friction, becauſe 


the moving Surfaces are contiguous. 
For this Reaſon a particular Care muſt 
be taken to keep theſe Machines in good 
Order, and to make them of ſuch Mate- 
rials, as may be leaſt liable to this Incon- 
venience. 


W311 
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Of the SAit. 


HE Sail being of ſo great and 
univerſal Uſe, by its Application 
to the Motion of a Ship and of a Wind- 


mill, it is neceſſary to add an Explanati- 
on of its Natute and Properties, to what 
has been ſaid concerning the other Me- 
chanical Powers. The moving Princi- 


ple of this Power being that Motion of 


the Air which we call Wind, and not 
the Strength of an animal Creature, as 
of the Powers above deſcribed, it will 
be proper to ſpend a few Words in the 


Gonſideration of this new Principle. 


np is a Stream or Current of the 
Air, tending ſometimes one way, ſome- 
times another, in all manner of Direc- 


tions. The Force of it is ſometimes pro- 


digious, as every one knows ; and from 
that Height of Violence it deſcends 
through all Degrees of Strength and 
Weakneſs to a perfect Calm. Its Velo- 
orty | in furious Tempeſts is found to be 


about 
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about 60 Miles in an Hour; and ſome- 
times its Motion is ſo flow, that one 
may out-walk it. Now between theſe 
two Extreams there are ſeveral interme- 
diate Degrees of Velocity, which ſerve 
very conveniently for a Principle of Mo- 
tion, when their Force is applied and di- 
rected to a certain End by proper Con- 
trivances. This is done by Means of 
the Sail; which is in Practice a large 
Sheet of Canvas, or ſuch like Matter; 
and in Speculation, a Mathematical Su- 
perficies. | 


Tux manner of the Operation of tlie 
Wind upon the Sail, may be, I think, beſt 
conceived by a Suppoſition like the fol- 
lowing. Let us imagine a Ship in the 
Middle of the Sea, and the Air to be 
perfectly calm: Let there be ſuppoſed 
afterwards a Stream of Air to come on 
the ſudden from the North, for Example, 
is or any other Point of the Compaſs. Let 
the Motion of this Stream of Air be of 
an ordinary Swiftnefs, as for Example, 
10 Miles an Hour. This Current of Air 

| N 4 will 
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will move for a great way along the Sure 
face of the Sea, without any Interrupti- 
on; its ſeveral Particles deſcribing Lines 
parallel thereto. At laſt, when it is ar- 
rived at the Place where the Ship is, a 
Portion of this Stream of Air, whoſe 
Area and Figure is equal and ſimilar to 
that of the Sail, will be intercepted by 
the Sail in its Courſe. This intercepted 
Portion will endeavour to drive the Sail, 
and conſequently the Ship, before it wirh 
a Velocity equal to its own. And in- 
deed were it poſſible for the Ship to 


float upon the Sea without drawing Wa- 


ter, it actually would do ſo. But ſince 
by the Laws of Hydroſtaticks, and the 
Structure of the Veſſel, the Keel muſt 
be immerſed under the Water, it comes 
to paſs, that the Keel, in dividing the 
Water for its Paſſage, meets witha good 
deal of Reſiſtance; and that Reſiſtance, 
tho' it is not ſufficient, as we find by 


Experience, to ſtop the Motion of — 


Ship, muſt to be ſure in ſome nieaſure 
retard it. So that by the Action of the 
Wind upon the Sails, the Ship is carried 


along 
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along; but, by reaſon of the Reſiſtance 
the Water makes to the Keel, not ſo faſt 
as the Wind it ſelf moves. Aſter this 
manner, we may form an Idea of the 


Operation of the Wind upon a Ship at 
Sea. 


As in the other Powers, ſo in this, 
many Truths relating to it may be dif- 
covered groſly and in general from ordi- 
nary Obſervation ; but our preſent De- 
ſign being to conſider it more nicely and 
mathematically, we ſhall now proceed 
to lay down ſome Axioms, as Premiſes, 
from whence to draw ſuch Concluſions, 
as may ſhew the Properties of this Me- 
chanical Power. 


I. In the Current of the Air, which 
we call Wind, the Particles of the Air 
will naturally be borne along in right 
Lines parallel to each other. It is true, 
we ſometimes ſee it otherwiſe; as when 
the Atoms of Duſt are dancing about in 
the Sun, they move in irregular Figures, 
as the Particles of Air are carried about : 


But 
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But that proceeds always from ſome Ob- 
ſtacle, which makes th& Stream of Air 
recur into it ſelf : Whereas, if that Ob- 
ſtacle were removed, thoſe little Motes 
would be ſeen to proceed in right Lines 
parallel to each other, or nearly; the 
Irregularity of the Air's Motion it ſelf 
keeping them from being exactly pa- 
rallel. However, in our Reaſonings 
about them, we always ſuppoſe them 
parallel, the Difference being of little or 
no Conſequence. 


II. TuksE Particles of Air, being alike 
in the Direction of their Motion, muſt 
be ſuppoſed alike alſo in other Reſpects; 


ſo that what is found true of any one 
Part or u e may be alſo applied to 
the 


X | 


| 


the reſt. As if BA & repreſent a Su- 
perficies, which is a Sail mathematically 
conſidered, and a Particle of Air at E 
moving in the Direction EB, impel the 
Point B of the Superficies with a given 
Force; then by this ſecond Axiom the 
Particles F, e, and F moving in Lines 


parallel to EB, will impel the Superfi- 


cies in the Points A, 6, and & in the 
ſame manner, and with the ſame effect 
in all Reſpects as the Particle E did in B. 
So again, if, in the Space between EB 

8 and 


— — e *! . OI 
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and FA, we ſuppoſe a great Number of 


Particles moving in the Direction EB 
towards the Part BA of the Superfi- 
cies and impelling it, each of thoſe Par- 
ticles, will impel the Superficies ſucceſ- 
fively in the ſame manner. And again, 
the Effect of the Aggregate or Sum of all 
thoſe Impulſes will be the ſame as of ano- 
ther Set of Particles moving in the ſame 
Direction between eb and Fa, and im- 
pelling an equal Part of the ſame Super- 
ficies 6 4. | 


Six ck therefore all the Particles of 
Air moving in the ſame Direction have 


like Effects, it follows, That a Stream 


of Air or Wind operates upon a Super- 
ficies or Sail, in Proportion to the Sine 
of the Angle of its Incidence. For, 
by the ſecond Axiom, the Effect of the 
whole Stream is like to that of any one 


Particle. And by what I ſhew'd under | 
the Inclined Plane, the Effect of any one 


Particle will be as the Sine of the Angle 


of Incidence. Therefore the Effect of 
all the Particles, that! is, of the whole 
Stream 
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Stream of Air, will be alſo as the Sine of 
the Angle of Incidence. 


Bur this is true upon this Suppoſiti- 
on only; that the Number of airy Parti- 
cles acting upon the Sail or Superficies, 
is the ſame at all Degrees of Inclination. 
If this Suppoſition be not true, there 
will ariſe an Alteration of that Propor- 
tion. For if in one Poſition 1c00 Par- 
ticles impel the Sail in a certain time, 
and in another Poſition only 750; tis 
plain, that all other things being alike, 
the Action in one Caſe muſt be as 1coo, 
and in the other Caſe as 750 only. To 
find therefore the Difference of the Im- 
pulſe occaſioned by the different Situa- 
tion of the Sail, let there be deſcribed 
in the Figure the Circle ABCDE. 

| Draw 
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. G6 
Draw the two Diameters A D, BE : Let 
the Stream of Air proceed parallel to the 
Tangents AF, DG; and let a Surface or 
Sail, intercepting that Stream of Air, be 
repreſented by the Diameter AD, ſtan- 
ding at right Angles to the Tangents 
AF, DG, and therefore to the Current 
of Air. Then *cis plain, that the whole 
Portion of this Stream contained in the 
Space between thoſe Tangents, will fall 
upon the Sail repreſented by the Diame- 
ter AD. 


A 2 
6 

Ss © 
E 22: 2 r 
| * | 1 


LET 
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LET us now ſee what will be the Con- 
ſequence of turning the Sail in an oblique 
Situation, as BE. Draw BH, EI pa- 
rallel to AF, DG. Then it plainly ap- 
pears, that the Particles of Air contain- 
ed in the Space between BH and AF on 
one Side, and in the Space between CI 
and DG on the other, paſs beſide the 
Sail BE when it is in this Poſition, not 
touching it at all. Draw BC parallel to 
AD, and then the Portion of the Stream 
acting upon the Sail BE will be as BC, 
and the Portion of the ſame Stream aQ- 
ing upon the Sail AD, will beas AD it 
ſell. Draw KL from the Center K pa- 
rallel to IE. Then is the Angle B KL, 
equal to the Angle of Incidence IE B. 
Therefore BL is the Sine of the Angle 
of Incidence. But the two different 
Portions of the airy Streams acting up- 
on AD and BE were ſhewn to be as 
AD and BC; therefore they are alſo as 
the Halves of thoſe Lines; that is, as 
AK the Radius, and BL the Sine of the 
Angle of Incidence. That is univerſal- 


I. 
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ly, the Number of Particles falling up- 


on the Sail, will be as the Sine of the 
Angle of Incidence. 


Now this Ratio, compounded with 
the former, makes the entire Effe& of a 
Stream of Air upon a Sail, to be as the 
Square of the Sine of the Angle of In- 
cidence. 


Bur this is ſtill upon a Suppoſition, 
that the Velocity, with which the Parti- 
cles of the Air move, is always the ſame: 


But that is not always the Caſe. Now 
*tis plain, that the Impulſe of a Stream 


of Air, moving with a Velocity, that is 
as 2, will be twice as great as that of a 
Stream moving with a Velocity, that 1s 
as 1. Therefore the Impulſe of the 
Wind upon a Sail, will be as the Square 


of the Sine of the Angle of Incidence, 


and as its Velocity alſo. 


doe this Proportion ſuppoſes the 
Number of Particles of Air impelling 
the Sail to be the ſame at all Degrees of 

Velocity, 
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Velocity, which is not true. For the 
greater the Velocity of the Motion of 
Air is, the quicker is the Succeſſion of 
the airy Particles impelling the Sail. 
Therefore the Number of thoſe Particles 


is as the Velocity. 


'Trexerors, fince the Effect of the 
Wind is asthe Velocity of each Particle, 
and as the Number of Particles, which 
is alſo as the Velocity of each Particle, it 
follows, by compounding theſe two Pro- 
portions together, that the Effect of the 
Wind is as the Square of its Velocity, 


and as the Square of the Sine of the 


Angle of Incidence. 


Inn next thing to be conſider d, is the 


Direction of the Operation of the Wind, 
or the Line or Lines of DireCtions, in 
which a Stream of Air impinging upon 
a Superficies, 'endeavouts to impel it. 
Now, if we ſuppoſe the Wind to move 
in a Direction perpendicular to the Su- 
perficies, it is evident, that it will im- 
pel it along the ſame right Line in which 

O it 
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it ſelf moves. As it a Wind moving 
in the Direction A B impel a Superkicies, 
as CD, at right Angles, as in the engra- 
ved Figure I; "tis plain, that it muſt 
oblige it to move along, and parallel to 
the Line BE. But, if we ſuppoſe the 
Line AB, or the Direction of the Wind 
to be inclined to the Superficies, tis not 
ſo clear, which Way the Super ficies will 
be impell'd. To determine that, let 
there be drawn the Line FB perpendi- 
cular to the Surface, and the Line AF 
parallel thereto. Then will the Action 
of the Wind upon the Surface he reſol- 
ved into two; one parallel to the Sur. 


face, and therefore of no Effect; and 


the other perpendicular thereto, parallel 
to FB. Now this laſt Force tends to 
impel i it along BE, with a Force, that 
is, to the Force, of the ſame Wind at 
right Angles, as FB to AB. Therefore 
the Superficies will move in the ſame 
Line of Direction when impell'd at any 
Angle, and the Difference will conſiſt 
only in the Velocity of its Motion. 

Fx OM 
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FROM what has been ſaid, we may de- 
duce theſe Concluſions relating to this 
Power. 1. That ſince the Effect of the 
Wind, is, cæteris paribus, as the Square 
of the Sine of the Angle of Incidence, 
it will be neceſſary, in order to make its 
Effect as great as poſlible, to make that 
Angle as great as poſſible, that is, a right 
one. 2. That nevertheleſs this is to 
be underſtood only of a ſingle Sail; but 
it, as in large Veſſels, we make uſe of 
more than one, the Caſe will be much 
alter d. For in Figure II. let ABCD, 
HIK IL, repreſent two parallel Sails, 
which we may ſuppoſe applied like thoſe 
in a Ship; and imagine the Wind to move 
in the Direction EF, at right Angles to 
the Super ficies AB CD. In that Caſe, 
by what was ſaid before, it will undoubt- 
edly have a greater Effect upon that Sail, 
than if it mov'd in the Direction CG at 
an Angle of 60%, by how much the 
Square of Radius exceeds'the Square of 
the Sine of 60% But then the hindmoſt 
Sail will be of little or no Uſe, by rea- 

0 2 fon 
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ſon that the other ſtanding directly be- 
tween it and the Wind, will keep off the 
Wind from acting upon it. But if the 
Wind moves at an Angle of 609 to both 
the Superficies, it will act equally upon 
them both, with an Effect, that is as 
the Square of the Sine of 60% There- 
fore their ſeveral Forces, being united, 
will exceed the Force of a Wind applied 
at right Angles, as much as twice the 
Square of the Sine of 60 exceeds the 
Square of Radius. And, if we ſuppoſe 
three Sails behind each other, as is uſual, 
the Advantage of ſuch a Side-wind ap- 
pears ſtill greater; being as three times 
the Square of the Sine of 60® to the 
Square of Radius. 3. The Effect of the 
Sail being in Proportion, cæteris paribus 
to the Number of Particles, and the 
Number of Particles in Proportion to 
the Bigneſs of the Sail, or the Area of 
the Superficies; it follows, that the Ef- 


fect of the Sail, ceteris paribus, will be 
as its Area; ſo that in order to make its 


Effect as great as poſlible, its Area muſt 
be as great as poſſible. 


I HAVE 


\ 


Of the Sail. 197 


I nave hitherto ſpeculatively conſi- 
dered the Properties of the Sail. I could 
have been very glad to have taken ſome 
Notice of its Uſe and Application in 
the Management of a Ship. But not 
having had an Opportunity of ſeeing 
the Practice, it would be little better 
than Impertinence, to pretend to ſay 
any thing upon that Subject. I ſhall 
only at preſent make an Obſervation or 
two upon its Uſe upon other Occaſions; 
and firſt in a Wind-mill, in the Coatri- 
vance of which there is ſomething more 


curious than perhaps every Perſon has 
obſery'd. 


Tus Difference of the Sails of a Ship 
and of a Wind- mill, conſiſts in this; that 
the former proceed continually in a right 
Line before the Wind, whereas the latter 
have a circular Motion round a fixed 
Point or Axis; which circular Motion 
is always at right Angles to the Current 
of the Wind, or nearly ſo; otherwiſe 
the Sails can't turn. 

N O 3 To 
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To ſhew how this Effect is produ- 
ced, for it ſeems at firft Siglit a little pa- 
radoxical to cauſe Sails to move in a 
Direction perpendicular to that of the 
Wind, we will at firſt ſuppoſe in the 
Figure (ſee the engraved Scheme) one 
Sail only, as 8, faſten'd to an Axis AB, 
which Axis is to be made to turn by 
means of the Wind upon the Sul S. 


To this Purpoſe the Sail muſt be placed, 


not perpendicular to the Courſe of the 
Wind, becauſe the Wind, tho' it has 
then the greareſt Influence upon it, has 
no Effect in making it turn round; nor 
parallel to the Current of the Wind, be- 
cauſe in that Caſe the Wind could not 
act upon it at all; but obliquely, ſo 
that the Wind moving in the Direction 
AB, AB, AB, AB, may fall upon the 
Sail aſlant. Ia this Caſe, the Effect will 
be as the Sine of the Angle of Incidence, 
which Effect, at an Angle of 45", is ve- 
ry conſiderable. The Sail, thus impell'd 
by the Wind, is oblig'd to turn round 


* it finds Liberty; but by the Con- 


ſtruction 
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ſtruction of the Machine, it can only 


move towards F, round the Axis AB, 


which it accordingly does continually ſo 


long as the Wind holds. 


Now, if the oppoſite Sail D were in 
the ſame Poſition as the Sail 8, as in Fi- 
gure, the Wind would act upon the Sail 
D in the ſame manner as it does upon 8, 


and cauſe it to revolve towards C in 


like manner, and with the ſame Force. 
But theſe two Motions equal and con- 
trary, would deſtroy each other, and ſo 
render the Machine uſeleſs. Therefore, 
to prevent that, they turn the Sail D in 
a contrary Poſition, tho* at a like De- 
gree of Inclination ; by which Means, 
at the ſame time that the Sail is impelled 
by the Wind, and forced to revolve to- 
wards E; the Sail D is impelled by the 
Wind falling upon it in the ſame Angle, 
and forced to revolve towards G. Now 
this Revolution of the Sail D conlpires 
with that of the Sail S; which cauſes 
the Axis to turn round with twice the 
Force. In the ſame manner, one might 

O 4 ſhew, 
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ſhew, that the Sail F will revolve to- 
wards D, and the Sail G revolve to- 
wards 8, ſo that all the Sails will con- 
ſpire to move in the ſame DireQion. 


Secondly, Upon this Power depends 
the Mechaniſm of the Flying of Birds ; 
the Wings of the Bird anſwering to the 
Sail, and the Reſiſtance the Air makes 
to them in their Motion, anſwering to 
the Impreſſion of the Wind upon the 
Sail. I ſhall make an Obſervation or 
two upon the Structure of thoſe Inſtru- 
ments of Motion, tending to illuſtrate 
the Wiſdom of the Great Creator in 
the Contrivance and PFabrick of them. 


Ap Firſt, ſince the Action of the 
Wind upon a Superficies, is greater or 
leſs, as that Superficigs is greater or 
leſs; ſo in this Caſe we find the Wings 
of a Bird, eſpecially when ſpread out, 
are very large in Proportion tp the Bo- 
dy to be ſuſtained by them. Secongly, 

the Wings are alſo made a little Con- 
cave on the lower Side; becauſe the 

Reſiſtance 


. 


\ 
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Reſiſtance the Air makes to them, muſt _ 
needs be ſo much the greater, as being 
{ſurrounded and confined under that Ca- 
vity of the Wing ; and by that Means, 
not eſcaping ſo foon, it undergoes, as it 
were, a ſhort Condenſation, which in- 
creaſing the Number of airy Particles 
acted upon by the Wing, muſt increaſe 
the Reſiſtance made to it. Thirdly, as 
the Reſiſtance made to the Wings in 
their Deſcent, ſhould be as great as poſ- 
ſible; ſo the Reſiſtance made to them in 
their Return upwards, ſhould be as 
ſmall as poſſible ; becauſe, if theſe two 
Reſiftances were equal, the Bird would 
deſcend as much when the Wings are 
lifted up, as it riſes when they are let 
down. To this End, as in the Deſcenr, 
two Contrivances are made uſe of to 
increaſe the Superficies of the Wing, 
and the Reſiſtance made to it, ſo in the 
Aſcent the ſame Contrivances are. re- 
verſed. For, as the Wings are Concave 
on the lower Side, on the upper Side 
they are Convex, by which Means, the 
Air {lides off with greater Eaſe. And 


das 
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as the Bird has a Power of expanding 
the Wings in their Deſcent beyond their 
natural Breadth, in order to receive as 
great a Quantity of Air under them as 
poſſible ; ſo in their Aſcent it has a 
Power of contracting them as much, 
to receive as ſmall a Quantity of Air as 
poſſible. Some Birds have a Faculty of 
turning thegreat Feathers in their Wings 
to a perpendicular Situation when they 
lift ap their Wings. By this Means 
the Air having free Paſſage through the 
Intervals of the great Feathers, the Re- 
ſiſtance it makes to this Motion of the 
Wings mult be very ſmall. A like Con- 
trivance is obſervable in Inſects, in 
whoſe Wings are ſeen, as it were, ſmall 
Threads branching themſelves quite 
through the Wing. By the Help of 
theſe Threads opening and ſhutting, the 


Wing is made to open and contract it 


ſelf, like a Lady's Fan by Means of the 
Sticks. And theſe two oppoſite Acti- 
ons are performed with incredible Swift- 
neſs; the Motion of the Wings, in In- 
ſects eſpecially, upwards and down- 

wards, 
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wards, being ſo quick as to elude our 
Sight. And yet in every one of theſe 
quick Motions, each of theſe oppoſite 
Actions of dilat ing and contracting the 
Wing is certainly performed. 


APP E N- 


BrriEvg the Reader, tho” 
unskill'd in Geometry, will 
nnd very little in the former 
Part of this Work relating 
to the Laws of Motion, and the four 
firſt Powers, which a tolerable Skill in 
Arithmetick, and a little natural Sagaci- 
ty joined with ſome Application, will 
not make him Maſter of. At leaſt if he 
finds ſome Difficulty to enter into a few 
of the Demonſtrations, in which it was 
impoſſible to avoid ſome Geometrical 
Terms and Reaſoning ; he will however 
eaſily underſtand the Concluſions drawn 
from them, ſo as to take them upon 
Truſt till he has attained Geometry 


enough (and it is a very little that is 


requiſite) 


er K © Hy wn „ on 
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requiſite) to go through the Proofs af- 
terwards. But becauſe in treating of 


the other Powers, it was neceſſary to ex- 


preſs not only the Reaſonings, but ſome- 
times alſo the Concluſions ariſing from 


them in Terms purely Geometrical, 
which would make all there ſaid of no 


Service to thoſe, who are unacquainted 
with the meaning of thoſe Terms, as I 
ſuppoſe ſeveral of my Readers to be; I 
ſhall therefore ſubjoin, by way of Ap- 
pendix, ſome numerical Calculations | 
founded on thoſe Conclufions. Becauſe 
ſuch Calculations will ſerve not only to 
make the Principles, on which they de- 


pend, better underſtood ; but to direct 


others in making the like, when Occaſi- 
on ſhall require, 


Tas firſt Propoſition relating to the 
Inclin'd Plane (V. pag. 125. or 132.) is 
that a Force, which ſuſtains a Weight 
upon an Inclined Plane, wilt be to the 
Weight it ſelf, as the Sine of the Angle 
of Inclination of the Plane to the Radius. 
But thisTerm of the Sine ofan Angle be- 


ing 
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ing new, it is neceſſary to explain; 
Firſt, what it means in general; and 
Secondly, the Meaning of it as it ſtands 
in this Propoſition. 


To this Purpoſe it muſt be remember- 
ed, that to meaſure the Greatneſs of any 
Angle, as ACE, the Way is, to ſet one 


Foot of the Compaſles at the angular 


Point C, and from thence to deſcribe a 
Circle. Then the Arc AF of that Cir- 
cle meaſures the Greatneſs of the Angle 
ACF; the Angle being reckoned great- 

er 


2898 
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er or leſs, as that Arc of the Circle in- 
tercepted between the Legs CA, CF, is 
greater or leſs. So the Angle DCF is 


greater than the Angle ACF, becauſe 


the Arc DF is greater than the Arc AF. 
If then from the Point D, where the 
Leg CD cuts the Circle, we let fall a 
Perpendicular DS to cut the other Leg 
CFins, that right Line DS is called 
the Sine of the Angle DCF. So the 
Perpendicular AS is the Sine of the An- 
gle ACS. Now from this it may be 
obſerved, 


I. THAT as the Angle grows greater, 
the Sine grows greater. So the Sine 
DS is longer than AS, as being the Sine 
of a greater Angle. 


2. As it appears by Inſpection, that as 
the Sines grow larger, they approach 
nearer to the Radius CR at right An- 
gles to CF; therefore when the Angle 
is increaſed to go?, the Radius and the 
Sine co-incide. So that the Sine of go? 
is the ſame Thing with the Radius. 
Tre 


| 
| 
| 
| 
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Tux next Queſtion is then to know, 
what Proportion the Sines of the ſeve- 
ral Angles bear to one another. And 
this, by the commendable Induſtry of 
the Geometricians, that have lived be- 
fore us, has been calculated with prodi- 


gious Labour, to every Degree and Mi- 


nute of the Circle, in the Tables of 
Natural Sines, to be met with in ſeveral 
Mathematical Books. It is ſufficient for 
our Purpoſe to take thoſe of the ſeveral 


Degrees only, which are ſet down in 


this Table. 


Surros iN then the Radius or Sine 
of 90, to conſiſt of 100000 Parts, the 
Sines of the other Angles will be of the 
ſeveral Values here exhibited. 


Sine 


fd. Mi. 


Parts Deg. Parts Deg, 
1745 


3489 
5233 


6975 
87151 


10452 
12186 
13917 


15643 


2 


| 


17364 


19080 
20791 
22495 
24192 
25881 
27503 


29237| 


30901 


3235649 
34202 30 76694, 
3583 


37460 


39073 


40673 
42261 


31 
32 


157357 


51503 
52991 


55919 


49 


51. 


| 


184804 


54463 


80901 
81915 
82903 
83867 


85716 


77714 
78801 
79863 


1 


87451 


$6602 | 


| 7 
100000 


Now 
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Now by: the Help of this Table, the 
12 Propoſitions relating to the Incli- 
ned Plane may be exemplified, and any 


Queltions relating to that Power may be 
ſypedily reſolved.” q 


17 there be given then a Weight of 
50 Pound, rolling down an Inclined Plane, 
whole Angle of Inclination is 30%, and 
let it be required to know the Power 
able & ſuſtain it upon that Plane. 


Bx the Propofirion above, the Weight 
will be to the Power, as Radius or the 
Sine of 900 is to the Sine of the Angle 
of Inclination, which is in this Queſti- 
on 30. Lock in the Table for the Sine 


of 30®, which is of 50000 Parts. Then 
lay, + 


As 100000 the Sine r 90, or Ra- 
dius, is to 50000 the Sine of 30°; fo is 


50 Pound the Quantity of the Weight 


to the Power able to ſuſtain it on that 
Plane. 


To 
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To find the Quantity of that Power, 


we have now nothing but a common 
Queſtion of the Rule of Three to reſolve. 


For multiplying the ſecond Number 


5ocoo by the third, which is 50, and 


dividing by 100000 the firſt, the Quoti- 


ent is 25, the Quantity of the Power. 


So that a Power equal to 25 Pound will 


ſuſtain a Weight of 50 upon an Inclined 
Plane, whoſe Angle of Inclination 


is 300. 


80 if the Queſtion were inverted, 


and the Power 25 Pound, and the An- 


gle of Inclination 30? be given, and the 
Weight required, it is anſwered in the 


ſame manner, by only tranſpoſing the 


Terms, and ſaying, As 500co to 25, ſo 
Io0000' to the Weight; which, by mul- 


tiplying and dividing according to the 


Golden Rule, comes out 350 Pound, 
which is the Weight ſuch a Power is 


able to ſuſtain upon a Plane of that In- 
clination. 


P 2 ot Ane 
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And it the Power and Weight were | 
given, and the Angle of Inclination re- 
quired, it is found by diſpoling the 
Terms in another Order; and faying, t 
As 50 the Weight to 100000, the Sine C 
of goo or Radius; ſo is 25 the Power of * 
the Sine of the Angle of Inclination. F 
Multiply 25 by 1oo0oo, and divide by 
50, and the Quotient is 50000, Look 


in the Table of Sines for that Number, 04 
and you will find it ſtanding over-againft to 
30% which is the Angle of Inclination, D 
neceſſary to enable a Power of 25 Sl. 
Pound to ſupport a Weight of 50. pl 
of 

An» after this Manner, all other GO' 
Queſtions of the ſame Kind are reſolved. of 
| pre 

By the Help of this Table, we may {| 9% 
likewiſe anſwer all Queſtions relating to met 
the ſecond Propoſition. As for Exam- of 
ple; It being already known by the 20 
foregoing Propoſition, that a Power of Cor 


25 Pound, applied in a Direction parallel af 5 
to the Plane, will ſuſtain a Weight of plen 
hy. "6 | 
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50 Pound when the Angle of Inclinati- 
on is 309, It is required to find what 
Weight the ſame Power will ſuſtain 
when it is applied in a Direction iaclined 
to the ſame Plane in an Angle of 209, 
or in the Words of that Propoſition, 


when the Angle of Application of the 
Power is 20% 


Now by that Propoſition the Effe&t 
of the Power in this Direction will be 
to the Effect of the ſame Power in a 
Direction parallel to the Plane, as the 
Sine Complement of the Angle of Ap- 
plication to Radius. The Complement 
of any Angle is ſo much as it wants of 
90. To know therefore the Complement 
of any Angle, ſubtract the Number ex 
preſſing the Quantity of that Angle from 
90, and the Remainder is the Comple- 
ment. So in the preſent Caſe the Angle 
of Application of the Power is 209, take 
2c? from go, the Remainder is 70? the 
Complement of that Angle. The Sine 
of 709 is therefore the Sine of the Com- 
plement of the Angle of Application, 
7 1 P 3 called 
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called for Brevity the Sine Complement. - 
The Proportion will therefore be, As 
100000, or Radius, is to the Sine of 700; 
ſo is 30 Pound, the Weight which the 


Power can ſupport when applied in a 
Direction parallel to the Plane, to ano- 


ther Number. Look in the Table for 
the Sine of 702 which is 93969; then ſay, 


As 1looooo to 93969, ſo is 50 to the 
Weight ſought ; and by working by the 
Golden Rule, the Weight ſought will 


come out 46 Pound, and , of a 


Pound, or 47 Pound very nearly. So 
that by the oblique Application of the 


Power, there is loſt above 3 Pound in 
its Effect. And by the ſame Method the 


Loſs will appear ſtill greater, if the An- 
gle of Application be ſtill greater. 


W'i᷑E come now tothe third Propoſition, 
which is, that the Preſſure of the Weight 
is as the Sine Complement to 9oꝰ of the 


Angle of Inclination; or, which is the 


ſame thing, that the Quantity of Preſ- 


ſure of the Weight upon the Plane is to 


the whole Weight, as the Sine Comple. 


ment 


O2 
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ment to 90 of the Angle of Inclination 
is to Radius. Let it then be required to 
find what the Quantity is of the Preſſure 
of the abovementioned Weight of 50 
Pound on the Inclined Plane aforeſaid, 
whoſe Angle of Inclination is 30% 


Fino firſt the Complement of 300 
which is 60%. Then find in the Table 
the Sine of 60® which is 86602. Then 
the Proportion will be, As Radius 'or 
120000 to 86602 the Sine Complement 
of 300 or the Sine of 602 ; ſo is the 
Weight of 50 Pound to the Quantity of 
its Preſſure on the Plane; and this Preſ- 
fure, by working by the Golden Aue. 


will come forth 44 Pound and rs Of a 
Nn 


80 if it were required to find an Angle 
of ſuch an Inclination, as that the Preſ- 
ſure of a given Weight, as 50 Pound, 
ſhould be neither greater nor leſs than a 
Quantity neck as for Example, 44 
Pound and 3, then by tranſpoſing the 
T n ans As 50 the, whole Weight to 
"6 I00000 
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rocooo the Radius, ſo is 44,3 tothe Sine 
Complement of the Angle required · 
Then multiplying and dividing as before, 
there is produced the Number 866032. 
Look for this Number in the Table of 
Sines, and it ſtands over-againſt 60? the 
Complement of the Angle ſought, which 
Angle, by conſequence, * be 3007 as 
above. 


Tu fourth Propoſition is, that the 
Force of Percuſſion or Impulfe of any 
Body in Motion upon a Surface, is as the 


Sine of the Angle of Incidence, ceteris 
paribus, that is, ſuppoſing the Velocity 


and Magnitude of the Body to be in all 
Caſes the ſame. Therefore the Table of 
Sines exhibits by InſpeCtion the Propor- 
tions of the ſeveral Impulſes at the ſeve- 
ral Degrees of Inclination. That is, a 
Body impinging on a Surface at one De- 
'gree of Inclination impels that Surface 
with 1745 Parts of Force, at 2* with 


3489 Parts, Sc. till at 900 of Inclinati- 


on, or when it falls on the ſame Surface 
9 it impels it with Io 
Parts 


* — — — — Py bk. 
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Parts of Force. By dividing one Sine 


by another, we may expreſs this Propor- 
tion ſtill more conciſely. As if it were 
required to know, how much the Im- 
pulſe at 9c* of Inclination is greater 


than at 10 of Inclination. Divide 1coooo 
by 1745, and the Quotient is 57 and a 


Fraction, which ſhews that the Effect 
of a Body impinging on a Surface at 1* 
of Incidence, is above 57 times leſs than 


the Effect of the ſame when impinging 


on a Surface perpendicularly. And in 
the ſame Manner may be found the Pro- 
portion between any other Angles. 


AAN; ſuppoſe it were required to 
aſſign an Angle of Inclination, in which 


a Body in Motion impelling a Surface 


ſhould produce an Effect in a given Pro- 
portion to the Effect of the ſame Body 
impinging on it in another given Angle. 

As for Example; If it were required to 
aſſign an Angle which ſhould produce an 


Effect 4 times greater than an Angle of , 


9% Firſt look in the Table for the Sine 
of 9e, and you find it 25643, Multiply 
this 


218 Of the Mechanical Powers. 


this by 4, and the Product is 62572; 
Now this Number 1s not to be found in 
the Table; but one very near it ſtands 
over-againſt 39% vig. 62932. There- 
fore taking the Angle a little leſs than 
390 „ it will have the Effect required. 


Ix it be neceſſary to aſſign this Angle 
more nicely, we muſt conſult the large 
Tables calculated to Minutes, where 
there appears 62569 over: againſt 380 
44', which is the Angle required. It is 
true, this Number is not exactly the 
ſame as the other; but the Difference is 
ſo ſmall, as to be of no Conſideration. 
In the fame Manner one may diminiſh 
the Impulſe in the Proportion required, 
by. dividing the Sine of 9? by 4, and 
proccedieg as above, 


Loy ſee, that by dininithing the An- 
gle one may diminiſh the Impulſe in any 
Proportion required; but we can't con- 
trariwiſe by inereaſing the Angle in- 
creaſe the Effect as much as we pleaſe. 
The Increaſe has a Limit, which the 
285 1 Diminution 


J 
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Diminution has not. For Example; 


Suppoſe it were required to find an An- 
gle, whoſe Effect ſhould be 4 times leſs ' 


than that of an Angle of 30% By di- 
viding 50000 the Sine of the given An- 


gle by 4, there is produced 12500, the 
Sine of 7, 117, the Angle required; ſo 
that this Demand is anſwer'd. But if 
it were required to aſſign an Angle, 
whoſe Effect ſhould be 4 times greater 
than that of 30%, this would be found 
impoſlible. For multiplying 50000, the 
Sine of 30® by 4, the Product is 200000. 
But the greateſt Number poſſible to ſtand 
in this Table is 1c0000, becauſe the Sine 
of a right Angle is the greateſt of all the 
Sines. And therefore in all Caſes of 
this Nature, when the Product exceeds 
| 100000, it ſhews that the Effect requi- 
red cannot be produced by increafing the 
Angle only ; but that alſo an Addition 
muſt be made to the Velocity or Mag- 
nitude of the Body in Motion, in order ' 
to incteaſe the Impulſe in that Propor- 
tion. 88 
* IN 
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In treating of the Sail it was ſhewn. 
that the Effect of that Power would be, 
as the Square of the Sine of the Angle 
of Incidence of the Wind upon the Sail, 
as the Square of the Velocity, and as 
the Superficies or Area of the Sail it 
ſelf. It may be proper to make the 
Meaning of all this more clear by ex- 
emplifying it in Numbers. 


 Sueeoss then the Wind acting upon 
two Sails; upon one in an Angle of 459, 
and upon the other in an Angle of 672, 
30'. Or, which is the ſame thing, ſup- 
pole two Ships, one in Europe, the other 

in Aſia (having each a ſingle Sail only) 
to be ſteering directly South; and that 
the former had the Wind in the N. W. 
Point, and the latter in che. N. N. W. 
Let the N. W. Wind blow twice as 
ſtrong as the N. N. W. and let the Sail 
of the former contain 20 Foot ſquare, 
and the Sail of the latter 30 ſquare Feet. 
The Queſtion then is, how we ſhall 
know the Proportion of the Effect of 
theſe 
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theſe two Winds upon theſe two Ships, or 
how much one of theſe will fail faſter 
than the other. And this Queſtion is 
TIN by ths Propolition foregoing. 


Pan firtt, tho Effect wil be as the 
Square of the Sine of the Angle of In- 
cidence. Therefore, ſince the Wind 
blowing from the N. W. makes an An- 
gle/of 45 with the Sail of a Ship that 
ſteers directly South; and from the 
N. N. W. makes an, Angle of 67, zo, it 
follows that its Effect upon each will be 
as the Square of the Sine of 45 and 
as the Square of the Sine of 679, 30“. 
Look in the Table above for the Sine of 
452, which is 707 10. Multiply this in- 
to it ſelf, and it produces the Square of 


the Sine, which is 4999904100. In 


like manner find the Sine of 679, 3&, 


from the large Tables of Degrees ane” 
Minutes, which is 92387. This multi- 
plied into it ſelf, produces its Square 
8535357769. Therefore the N. W. 
Wind drives the Ship forwards with a 
Force, that is as 4999924100 ; and the 
N. N. W. 
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N. N. W. with à Force, that is as 


8535357769. Eut off an equal Number 
of Figures in both of them, and the 


Velocity of the firſt Ship will be to that 


of the latter, as 499 to 833, which is 
ee more than half o great. 


— 


Bur this is ue, oppoſing the Velocity 


or Strength of the Wind to be equal in 


both Caſes. But fince the N. W. Wind 
was ſuppoſed to blow twice as ſtrong as 
the N. N. W. this will produce a new 
Conſequence. For the Velocity of the 
former being as 2, and of the other as 
, the Squares of the Velocities will be 
-2 multiplied by 2, and 1 multiplied by 
1, that is, 4 and 1. Therefore, to find 
the true Proportion of the Velocities of 


theſe two Ships, we muſt multiply the 


Numbers before found, viz. 499 and 
853, ſeverally, into che Squares of the 
Velocity of the Wind reſpectively be- 
longing to each; that is, 499 by 4, and 
853 by 1, which produce 1996, and 
853; ſo that the former Ship will fail 


"with a Velocity, as 199, and the ſecond 


with 


ce. Se ets ret. 


* a vain 955 which is as 2 


and: x to 1. . 

Bol this i is gin huppblini fig cle Sails to 
be equal in both Caſes; but theſe being 
ſuppoſed different, it will be neceſſary to 
multiply the two Numbers laſt found, 
ſeverally by the Areas of the reſpeQive 
Sails. Multiplying therefore 1996 by 
20 the Area of the Sail of the former 
Ship, and 853 by 30 the Area or Super- 
fities of the Sail belonging to the latter; 
the Products will be 39920 and: 25590; 
that is, the Velocities of theſe two Ships, 
ariſing from the different Circumſtances 
here ſuppoſed, will be to each other, as 
39920 to 25590, or by a more conciſe 
Expreſſion, as 39 to 25, or as 3 to 2. 


Ir may not be winiſs to res, that 
when the Angles in-a Queſtion are ex- 
preſſed in odd Minutes, the Sines of 


thoſe Angles may be collected very near- 


ly from the Table above, that anſwers 
only to Degrees. As if it be required 
from that Table to find the Sine 87, 217: 


Take 
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Take the Sine of 87% which is 99862, and 
the Sine of 880, which is 99939; ſub- 


tract the leaſt from the greateſt, and the 


Remainder is 77. Divide this by 60, 
and the Quotient is 1. Multiply. this 
Quotient by the Number of odd Mi- 
nutes, which is 21, which produces 21. 


Add this Number ſo. found to the Sine 
of 87, and it gives the Sine of 879, .21/, 
very.nearly. For this Addition produ- 


ces the Number 99883} and the true 
Sine is 99893; ſo that the Difference be- 
tween the Sine ſo found, and es true 
one is s hut one Pars. in W505 r 
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